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BULLETIN  219:     ECCENTRIC  GROWTH  AND  THE  FORMA- 
TION OF  REDWOOD  IN  THE  MAIN  STEM  OF  CONIFERS 

By  George  P.  Burns 

The  factors  which  cause  the  production  of  eccentric  growth  and 
the  formation  of  redwood  in  coniferous  trees  have  been  the  basis  for 
many  field  observations  and  a  small  amount  of  experimental  work. 
These  phenomena  have  been  generally  explained  as  being  due  to  either 
one  or  more  of  the  following  causes : 

(1)  The  wind  which  acts  as  a  mechanical  stimulus  resulting  in 
a  compression  on  the  leeward  and  a  tension  on  the  windward  side,  the 
tree  forming  its  greatest  growth  and  redwood  on  the  compression  side. 

(2)  Differences  in  the  illumination  on  the  north  and  south  sides. 

(3)  Differences  in  the  branching  and,  hence,  better  nutrition  on 
the  branched  side. 

(4)  Gravity  acting  as  a  stimulus. 

The  literature  on  this  subject  has  been  carefully  compiled  and 
discussed  by  Grossenbacher  (3).  Reference  to  that  work  makes  such 
a  discussion  unnecessary  in  this  bulletin.  Only  those  articles  which 
deal  with  the  experimental  phases  of  the  subject  will  be  mentioned. 

The  conditions  under  which  trees  grow  in  the  field  are  so  varied 
that  it  seems  impossible  from  field  observations  to  determine  which 
one  of  the  many  environmental  factors  is  the  causal  factor  leading  to 
the  formation  of  redwood  and  eccentric  growth.  Thus,  for  example, 
cases  have  been  cited  of  leaning  trees  which  have  produced  redwood 
on  the  lower  side  and  it  has  been  assumed  that  its  formation  was  due 
to  the  compression  exerted,  or  supposed  to  be  exerted,  on  that  side, 
regardless  of  the  fact  that  gravity  had  exerted  a  one-sided  effect. 

Again  redwood  formation  is  often  attributed  to  compression  which 
in  turn  is  ascribed  to  the  continued  effect  of  strong  prevailing  winds. 
But  it  is  true  that  trees  in  such  regions  often  lean  with  the  wind. 
Hence  the  redwood  formation  may  be  due  either  to  compression  or  to 
the  one-sided  effect  of  gravity.  One  cannot  dogmatically  assert  the 
causal  factor  or  factors  in  such  cases  unless  the  assertion  is  predicated 
on  carefully  controlled  experimental  trials.  Furthermore,  not  all  such 
trials  are  beyond  criticism.  For  example,  Cieslar  (1)  so  bent  young 
spruce  trees  that  the  upper  part  of  the  stem  lay  in  a  horizontal  position, 
but  he  failed  to  consider  the  one-sided  effect  of  gravity.  Trials  by 
some  other  workers  are  open  to  similar  objections. 

Hartig  (4)  has  investigated  this  subject  more  fully  than  has  any 
other  worker.  His  early  work,  based  on  trees  cut  from  forests,  led  him 
to  conclude  that  longitudinal  pressure  on  the  cambium  caused  redwood 
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production  and  that  wind  caused  longitudinal  pressure.  He  attempted 
to  correlate  eccentric  growth  of  trees  on  edges  of  forests,  mountain 
slopes,  etc.,  with  the  direction  of  the  prevailing  winds  and  attributed 
these  phenomena  wholly  to  a  compression  stimulus.  Further  studies 
(5)  led  him  to  state  that  gravity  acting  as  a  stimulus  may  also  cause 
the  production  of  redwood  and  eccentric  growth  and  to  say  that 
both  compression  and  gravity  cause  exactly  the  same  reaction  in  trees. 

Ewart  and  Mason-Jones  (2)  bent  lateral  branches  and  main  axes 
of  Cupressus  nutkaensis,  C.  Lawsoniana,  Pinus  contorta  and  P,  Cembra 
and  concluded  that  the  formation  of  redwood  is  a  morphogenic  response 
to  a  gravitational  stimulus  which  may  be  modified  or  suppressed  by 
very  strong  pressure  stimuli.  The  stimulus  "is  able  to  spread  longi- 
tudinally from  the  region  where  it  is  directly  perceived." 

Pennington  (7)  as  a  result  of  much  careful  experimentation  found 
that  there  was  no  increase  in  the  amount  or  kind  of  mechanical  tissue 
under  the  influence  of  longitudinal  compression  in  the  four  woody 
stems  with  which  he  worked.  He  states  that  a  review  of  the  literature 
on  stimulation  effects  of  compression  fails  to  show  that  compression  as 
such  has  a  stimulating  effect  and  that  the  term  "is  loosely  applied  or 
evidently  connected  with  other  causes  of  stimulation." 

The  experiments  reported  in  this  bulletin  were  directed  chiefly 
at  the  proposition  stated  by  Hartig  that  both  gravity  and  wind  are 
causal  factors  in  the  production  of  redwood.  Some  data  will  be  pre- 
sented tending  to  show  that  neither  light  nor  one-sided  branching  are 
direct  factors  in  its  production. 

A  series  of  experiments  was  started  in  the  open  on  the  white  pine, 
Pinus  strobus.  Trees  2  to  3  meters  high  were  bent  at  various  angles. 
A  stake  was  driven  firmly  into  the  ground  from  2  to  2.5  meters  from 
the  base  of  each  tree  and  the  tree  was  wired  at  the  desired  angle.  In 
order  to  lessen  the  likelihood  of  injury  a  sling  of  rubber  hose  was 
passed  around  the  stem  and  the  wire  attached  to  it.  That  the  trees 
were  under  a  constant  mechanical  strain  throughout  the  entire  ex- 
perimental period  of  from  two  to  four  years  was  shown  by  the  fact 
that  when  the  wires  were  cut  the  trees  sprang  upward,  although  of 
course  they  never  attained  their  original  perpendicular  positions. 

Cross  sections  of  trees  grown  in  these  positions  showed  remarkable 
eccentric  growth  and  a  large  amount  of  redwood  on  the  lower  (com- 
pression) side.  Plate  I  shows  six  discs  taken  from  such  a  tree,  the 
largest  ones  near  the  base,  the  smallest  just  below  the  sling.  Some  of  the 
sections  are  more  nearly  triangular  than  round  due  to  the  enormous 
radial  growth  on  the  under  side.  The  section  made  near  the  base  which 
was  only  slightly  out  of  the  perpendicular  was  more  nearly  round.     The 
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more  triangular  discs  were  cut  from  the  part  of  the  stem  which  was  in  a 
more  nearly  horizontal  position.  No  attempt  was  made  to  determine 
accurately  the  amount  of  strain  in  the  different  regions  nor  to  measure 
the  angle  at  which  the  stem  was  growing,  although  it  is  possible,  had 
this  been  done,  that  interesting  data  might  have  been  secured. 

One  tree  which  was  bent  over  during  two  growing  seasons  was 
essentially  concentric  when  the  experiment  was  started.  In  1912  its  first 
year  under  strain  it  produced  165  rows  of  cells  on  the  lower  (compres- 
sion) side  and  only  25  rows  on  the  upper  (tension)  side.    As  Hartig  has 
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Diacrams  of  blocks  of  white  pine  wood  which  had  been  tested  for 
compression  strength.  The  redwood  failed  at  1000  and  950  lbs., 
respectively;  the  whitewood  at  350  lbs. 


said  these  two  kinds  of  wood  differed  greatly  in  structure.  The  cell 
walls  were  thick  with  characteristic  thickenings  as  is  shown  in  his  figures 
10  and  11.  The  cells  were  not  arranged  in  the  definite  rows  so  char- 
acteristic of  coniferous  wood  but  were  rounded  with  intercellular  spaces 
and  without  definite  arrangement.  There  is  considerable  variation  in 
the  structure  and  Hartig's  illustration  represents  an  extreme  case.  The 
wood  on  the  upper  (tension)  side  closely  resembled  normal  wood. 

Mechanical  tests  showed  remarkable  differences  between  the  red- 
and  normal  woods.  All  mechanical  tests  were  made  with  white  pine 
as  it  was  the  only  wood  available  in  sufficient  size.  Sections  were 
sawed  into  blocks  1  x  1 J4  x  5  cm.  and  tested  at  the  College  of  Engineer- 
ing. Figure  1  shows  three  of  the  many  blocks  submitted  to  pressure. 
These  blocks  failed  or  "buckled"  at  1000  and  950  pounds  in  the  case 
of  redwood  blocks,  while  the  normal  wood  failed  at  350  pounds.  A 
large  number  of  tests  indicate  that  the  ratio  is  approximately  3  to  1. 
Tests  of  tensile  strength  were  made  on  pieces  1  cm.  square  and  10 
cm.  long,  reduced  for  testing  in  the  center  in  the  usual  way.  These 
showed  that  the  tensile  strength  of  the  redwood  was  more  than  twice 
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as  great  as  that  of  normal  wood.  The  redwood  was  so  hard  that  these 
pieces  held  between  the  jaws  of  the  machine  and  broke  without  re- 
ducing the  size  of  the  center.  It  was  brittle  and  broke  like  glass. 
Normal  wood,  on  the  contrary,  mashed  and  slipped  from  the  machine 
jaws. 

Boards  containing  redwood  and  normal  wood  curve  peculiarly  in 
seasoning  owing  to  the  varying  moisture  contents  of  the  two  kinds  of 
wood.  Samples  taken  immediately  on  cutting  two  trees  showed  mois- 
ture figures  as  follows:  Normal  wood  54.2%;  redwood  42.3%. 
Normal  wood  48%  ;  redwood  35%. 

One  of  the  trees  under  experiment,  after  cutting,  was  seasoned  in 
the  botanical  laboratory  for  about  three  years.  It  warped  in  a  remark- 
able manner.  It  was  laid  on  a  piece  of  paper  about  three  meters  long 
and  its  outline  traced.  Four  such  drawings  of  this  identical  tree  were 
made  in  July  and  October,  1914,  October,  1915,  and  March,  1917.  Its 
final  position  in  a  seasoned  condition  in  March,  1917,  nearly  three 
years  after  cutting  is  indicated  by  the  dotted  lines  to  the  left  of  the 
illustration  (plate  II,  figure  1).  It  was  only  possible  to  convince  one 
observer,  whose  previous  experience  and  technical  training  entitled 
him  to  pass  judgment  in  such  matters,  that  the  seasoned  tree  of  the 
shape  shown  for  1917  was  the  same  tree  from  which  the  original 
sketch  was  made,  by  counting  the  nodes  and  noting  the  stubs. 

In  order  to  study  the  seasoning  behavior  of  the  two  kinds  of  wood, 
several  samples  55  cm.  long  were  so  sawed  from  a  newly  cut  experi- 
mental white  pine  tree  that  they  contained,  some  J^,  some  ^  and  some 
%  redwood,  the  remainder  of  each  sample  being  normal  wood.  The 
width  of  the  redwood  in  each  case  was  IJ/2  cm.  and  all  samples  were 
perfectly  straight  when  cut  from  the  tree.  The  %  redwood-^  normal 
wood  sample  remained  straight  after  seasoning  but  the  Yz-Yz  and  the 
J/2-J4  strips  curved  sharply  as  is  shown  in  plate  II,  figure  2.  The  ex- 
tent of  the  curvature  depended  upon  the  percentage  of  redwood  present. 
Careful  measurements  indicated  that  the  redwood  shortened  during 
seasoning  while  the  length  of  the  normal  wood  was  practically  un- 
changed. The  two  kinds  of  wood  were  then  separated,  except  for 
a  space  of  about  7  cm.  at  the  base,  by  a  fine  rip  saw.  Instantly  the 
two  types  of  wood  assumed  the  positions  shown  in  plate  II,  figure  3.  At 
the  time  of  writing,  something  over  a  year  since  these  photographs  were 
taken,  the  redwood  in  figure  3  curves  considerably  to  the  left.  Plate 
II,  figure  4  is  reproduced  from  a  photograph  of  the  end  of  the  same 
sample  showing  more  clearly  the  amount  of  longitudinal  shrinkage. 
The  amount  of  shrinkage  varied  considerably  in  different  samples, 
running  from  0.67  to  2.8  percent  of  the  original  length.     Plate  II, 
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figure  5,  is  reproduced  from  a  photograph  of  two  samples  from  an- 
other white  pine  tree.  The  two  kinds  of  wood  were  ripped  apart  as 
shown  and  "C  1"  was  seasoned  in  the  laboratory  before  photographing. 
It  shows  the  characteristic  longitudinal  shrinkage  of  the  redwood. 
"C  3"  was  placed  in  tap  water  immediately  after  cutting  from  the  tree 
and  photographed  after  several  days.  The  plate  shows  the  rather  re- 
markable fact  that  the  redwood  became  elongated,  becoming  longer 
than  the  adjacent  normal  wood.  "CI"  was  later  placed  in  tap  water 
and  its  redwood  strip  increased  in  length  until  it  exceeded  that  of  the 
nomial  wood,  resembling  "C  3." 

In  1911  a  large  white  pine  tree  which  leaned  slightly  to  the  north 
was  cut  down  and  sawed  into  planks  5  cm.  thick  and  1  meter  long  in 
such  a  manner  that  each  plank  represented  a  strip  of  wood  extending 
through  the  tree  from  north  to  south.  Each  plank  was  then  cut  into 
strips  5  cm.  wide.  Every  strip  was  straight  when  it  was  brought  into 
the  laboratory.  Every  one  of  these  strips  today,  nine  years  after  the 
sawing,  is  straight,  except  those  representing  the  north  (lower)  side 
which  contained  redwood.  These  strips  are  warped  owing  to  the 
shortening  of  the  redwood  in  a  manner  similar  to  that  illustrated  in  the 
experimental  trees.  The  percentage  of  shrinkage  is  smaller  than  that 
observed  in  the  trial  trees  and  corresponds  very  closely  with  that  given 
by  Hartig.  The  difference  is  probably  due  to  the  angle  at  which  the 
tree  leaned.  It  is  a  question  how  much  compression  was  exerted  on 
the  cambium  of  this  tree  which  had  a  diameter  of  over  a  meter. 

The  curving  of  the  redwood  is  a  phenomenon  well  known  to  mill 
men  who  run  circular  saws.  If  a  log  is  so  placed  that  the  saw  separates 
the  redwood  from  the  normal  wood  the  former's  shortening  and  curv- 
ing as  shown  in  plate  II,  figure  3,  binds  the  saw  and  stops  the  mill. 
In  such  cases  it  is  often  necessary  to  chop  out  the  saw.  Accordingly 
they  so  saw  the  log  that  the  redwood  will  be  on  one  side  of  the  timber. 
If  there  is  a  large  percentage  present  the  timber  warps  when  seasoned 
as  is  shown  in  plate  II,  figure  2,  or  if  the  percentage  of  normal  wood  is 
too  great  the  redwood  cells  may  be  pulled  asunder,  as  recently  re- 
ported by  Koehler  (6),  thus  materially  weakening  the  timber. 

It  is  at  once  apparent  that  a  thorough  knowledge  of  the  behavior 
of  redwood  and  its  recognition  is  vitally  important  to  manufacturers 
of  such  goods  as  sounding  boards  or  air-ship  propellers  and  to  all  in- 
dustries which  need  must  use  a  homogeneous  wood. 

The  discs  from  the  experimental  trees  under  consideration  up  to 
this  point  were  all  taken  below  the  sling  to  which  the  bending  wire  was 
attached  and  hence  were  under  a  considerable  compression  on  the  lower 
side.   Above  the  sling,  however,  they  were  subjected  to  no  such  strain. 
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the  compression  of  the  lower  side  and  tension  of  the  upper  side  being 
due  only  to  the  weight  of  the  top.  This  part  of  the  tree  owing  to  gravity 
later  became  erect.  A  cross  section  through  this  portion  is  shown 
in  figure  2.  The  leader  was  two  years  old  when  the  experiment  was 
started.  The  wood  of  the  third  ring  was  formed  under  experimental 
conditions.  This  shows  that  on  the  under  side  the  tree  produced  60 
rows  of  cells  of  redwood  and,  later,  12  rows  of  whitewood;  on  the 
upper  side  it  produced  40  rows  of  cells  of  whitewdod  and,  then,  20 
rows  of  redwood.  A  section  below  the  sling  showed  130  rows  of  red- 
wood on  the  lower  side  and  27  rows  of  whitewood  on  the  upper  side. 
The  first  section  demonstrates  the  fact  that  whatever  the  cause  for 


Drawing  of  a  cross  secttou  of  the  3-y«ar  old  leader  of  leaning  white 
pine  tree  cut  above  the  sling,  showing  that  the  tree  i)roduc«d  both 
redwood  and  normal  wood  on  the  same  side  during  one  growing 
season.  "A"  represents  wood  produced  during  the  Qret  part  at  the 
aeasoo;  "B,"  that  produced  In  late  summer.  Camera  luclda  drawing. 


Fio.  3.  Cross  section  ot  white  pine  stem  which  was  bent  at  right  angles  to 
gravity.  "T"  represents  the  side  under  tension;  "C,"  that  under 
compression.    Camera  luclda  drawing. 

redwood  production  on  the  lower  side  it  did  not  last  through  the  grow- 
ing season.  The  same  holds  true  for  the  upper  side  which  formed 
whitewood  during  part  of  the  season  and  then  began  producing  red- 
wood. The  explanation  of  this  phenomenon  lies  in  the  fact  that  when 
it  erected  itself  in  response  to  the  stimulus  of  gravity  it  did  not  stop 
in  a  perpendicular  position  but  Went  beyond  so  that  during  the  later 
part  of  the  growing  season  the  conditions  were  reversed  and  the  former 
upper  side  was  later  actually  the  lower  side.  In  this  position  redwood 
was  produced.  Many  examples  of  this  kind  were  found  in  the  work 
later  conducted  in  the  laboratory.  This  is  undoubtedly  the  explana- 
tion to  be  given  to  figures  34  and  35  of  Hartig  in  which  a  lateral  branch 
bends  up  to  replace  a  lost  terminal  branch  and  shows  redwood  on  the 
original  upper  side.     Hartig  said  that  the  branches  produced  redwood 
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Plate  HI 
Fio.  1.    Trees  bent  at  right  angles  to  force  of  gravity.    Mechanical  strains 

were  on  the  sides. 
Fto.  2.    Trees  bent  to  produce  compression  on  the  upper  and  tension  on  the 

lower  aide. 
Pio.  3.     Apparatus  used  to  produce  an  "artificial  wind," 
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on  the  under  side  as  a  result  of  gravity  stimulus  and  redwood  on  the 
upper  side  as  a  result  of  a  compression  stimulus. 

In  the  open  field,  as  has  been  said,  compression  and  gravity  usually 
work  together.  Trees  located  on  a  mountain  or  on  the  edges  of 
forests  tend  to  lean  rather  than  to  grow  erect  and  the  literature  does 
not  seem  carefully  to  set  forth  this  fact.  On  the  contrary  it  is  quite 
possible  so  to  grow  trees  under  experimental  (greenhouse)  conditions 
that  compression  and  gravity  do  not  work  together;  and  they  were  so 
grown  in  the  trials  now  under  consideration.  Pine  and  spruce,  Picea 
excelsa,  were  grown  in  pots  and,  when  about  80  cm.  high,  the  more 
thrifty  were  subjected  to  the  following  procedure.  They  were  so 
placed  and  fastened : 

(1)  That  the  top  and  bottom  of  the  stems  were  approximately 
neutral,  whereas  the  sides  were  under  tension  and  compression. 

(2)  That  the  lower  side  was  under  tension  and  the  upper  under 
compression. 

(3)  That  neither  top  nor  bottom  were  under  any  material  strain. 

(4)  That  there  were  no  strains  and  no  top  or  bottom. 

The  first  three  situations  were  secured  by  use  of  several  long 
boxes  containing  soil,  with  slits  on  one  side  in  order  to  provide  an 
opening  for  the  tree  stems,  the  trees  being  transplanted  into  them  in  a 
horizontal  position,  the  box  tops  being  left  open  for  watering.  For 
example,  the  trees  in  one  box  were  bent  at  right  angles  to  the  force  of 
gravity  by  means  of  a  cord  passed  over  a  pulley  and  weighted  with  a 
bottle  of  shot.     In  this  position  the  wood  on  one  side  was  compressed, 

that  of  the  other  side  stretched  and  the  bottom  and  top  were  approx- 
imately neutral  (plate  III,  figure  1). 

The  trees  for  the  most  part  did  not  remain  in  a  horizontal  posi- 
tion but,  due  to  the  geotropic  response,  tended  to  become  erect.  In 
every  case  there  was  a  marked  development  of  redwood  and  eccentric 
growth  on  the  lower  side.  Neither  the  compression  nor  the  tension 
side  showed  any  response  in  most  trees  although  in  one  case  a  section 
of  white  pine  taken  15  cm.  from  the  box  showed  an  extension  of  the 
redwood  along  both  sides.  The  basal  section  of  the  same  tree  had 
redwood  only  on  the  bottom.  The  peculiar  distribution  of  the  red- 
wood in  figure  4  is  evidently  due  to  the  twisting  of  the  stems  caused 
by  the  combination  of  the  forces  produced  by  the  weight  of  the  shot 
and  the  geotropic  stimulus.  This  experiment  taken  alone  would  not 
be  very  conclusive  but  the  distribution  of  growth  will  be  understood 
when  studied  in  connection  with  results  recorded  later. 

A  similar  set  was  arranged  and  the  trees  pulled  directly  upward 
so  that  the  upper  side  was  compressed  and  the  lower  was  under  a 
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high  tension  (plate  III,  figure  2).  In  this  case  the  force  due  to  the 
weight  of  the  shot  worked  in  the  same  direction  as  the  force  of 
gravity  and  the  trees  soon  became  erect  above  the  place  of  attachment 
of  the  wire.  In  every  case  there  was  a  marked  development  of  red- 
wood on  the  tension  side  which  in  this  case  was  the  lower  side.  Figure 
4  is  a  diagram  of  a  cross  section  of  one  of  these  t^ees.  The  inner  line 
shows  that  the  tree  was  almost  concentric  at  the  beginning  of  the  ex- 
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Fig.  4. 


Drawing  of  cross  section  of  a  white  pine  tree  so  grown  that  the 
upper  side  "C  U"  was  under  compression  and  the  lower  side  "T  Lt" 
was  under  tension.    Camera  ludda  drawing. 


Fig.  5.    Cross  section  of  cells  of  "tension  wood"  from  stem  shown  in  fig.  4, 
Camera  ludda  drawing. 
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periment.  The  outer  line  shows  the  amount  of  radial  growth  which 
took  place  during  the  experiment.  This  eccentricity  is  strongly  marked. 
On  the  lower  side  which  was  under  tension  the  tree  produced  210  rows 
of  cells  of  typical  redwood,  on  the  upper  (compression)  side,  63  rows 
of  apparently  normal  wood.  No  attempt  is  made  in  figure  5  to  show 
the  nature  of  the  thickening  of  the  cell  walls  of  this  "tension  wood" 
from  the  lower  side  of  the  stem.  This  drawing  resembles  the  draw- 
ing of  compression  wood  given  by  Hartig.  It  shows  that  the  tracheids 
are  rounded  and  thick  walled  and  that  between  them  many  irregular 
spaces  are  found.     Figure  6  is  a  drawing  of  "tension  wood"  from  the 


TL 

Fig.  6.  Drawing  of  cells  of  "tension  wood"  fi*om  the  upper  side  of  a  leaning 
tree.  Ck>mpare  with  drawing  of  "tension  wood"  shown  in  fig.  5. 
Camera  lucida  drawing. 

Fig.  7.  Drawings  of  sections  from  an  S-shaped  tree.  The  larger  section 
shows  redwood  and  greatest  radial  growth  on  the  lower-tension, 
"T  L,"  side,  while  the  smaller  shows  the  same  phenomena  on  the 
lower-compression  "C  L"  side.    Camera  lucida  drawing. 

upper  side  of  a  leaning  tree.  The  regularity  of  the  cells  and  the  absence 
of  intercellular  spaces  is  to  be  noted  as  well  as  the  apparent  normality 
of  the  wood  structure. 

Another  set  of  somewhat  taller  trees  were  arranged  in  a  similar 
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manner  and  a  small  bottle  of  shot  tied  to  the  end  of  the  leader  of  each 
tree  to  prevent  it  from  erecting  itself  in  response  to  gravity.  The 
weight  was  heavy  enough  to  bend  the  top  down  and  the  tree  became 
S-shaped.  From  the  box  to  the  sling  the  upper  side  was  under  com- 
pression, while  from  the  sling  to  the  top  the  lower  side  was  under  com- 
pression. In  this  position  redwood  was  developed  only  on  the  under  side 
regardless  of  the  two  strains.  The  two  diagrams  in  figure  7  show 
the  arrangement  of  the  redwood.  The  larger  section  was  taken  near  the 
base  where  the  trunk  was  bent  upward  and  the  lower  side  was  accord- 
ingly under  tension.  It  developed- 205  rows  of  redwood  cells  while 
the  upper  side  under  compression  produced  136  rows  of  cells  of 
normal  wood.  The  tree  in  the  region  of  the  smaller  section  also  de- 
veloped a  much  larger  percentage  of  wood  on  the  under  side,  which  was 
under  compression  in  this  case. 

Table  I  shows  the  number  of  rows  of  cells  formed  in  relation 
to  mechanical  strains  and  position  of  the  stem  with  reference  to  gravity. 
The  greater  number  of  cells  was  always  found  on  the  lower  side. 

Tree  number  I  II  III  IV  V 

Under  side   (tension) 53  142  125  225  205 

Upper  side  (compression)    27  43  63  112  136 

Under  side  (compression)   15  108  130  165  162 

Upper  side  (tension)   6  16  27  25  28 

The  end  of  a  rapidly  growing  white  pine  was  turned  to  form  a 
circle  and  held  by  a  pulley  as  shown  in  plate  IV,  figure  1.     Figure  2 
of  the  same  plate  shows  the  wrinkles  in  the  cortex  indicating  that  the 
inner  side  was  strongly  compressed.     A  string  held  the  loop   from 
spreading,  the  stem  being  protected  from  injury  with  cotton  batting. 
The  outer  side  of  the  circle  was  of  course  under  tension.     Figure  3 
of  this  plate  represents  a  longitudinal  section  of  the  stem  after  season- 
ing.    This  shows  conclusively  that  eccentric  growth  and  development 
of  redwood  are  not  the  result  of  compression,  for  both  occur  on  the 
lower  side  regardless  of  nature  of  the  strain.     The  only  place  in  the 
loop  which  was  practically  erect  was  almost  concentric.     This  result 
would  seem  to  show  that  the  suggestion  of  Ewart  and  Mason-Jones 
"that  very  strong  pressure  applied  to  a  feebly  active  cambium  may 
overcome  the  gravitational  influences  normally  responsible   for    this 
special  morphogenic  response,"  hardly  holds  for  the  white  pine. 

A  number  of  straight  spruce  and  pine  trees  which  had  been  grow- 
ing in  pots  for  three  to  four  years  and  which  were  in  a  thoroughly- 
thrifty  condition  were  laid  in  a  horizontal  position  on  the  greenhouse 
bench  early  in  the  spring  before  growth  had  started.  The  stems  were 
supported  in  order,  if  possible,  to  remove  all  possibility  of  compres- 


Redwood  Formation  in  Conifers  13 

sion  and  tension  in  the  sides.  The  trees  were  turned  by  the  gardener 
every  12  hours,  one-fourth  of  a  revolution,  each  tree  thus  making 
wie  complete  turn  every  two  days.  This  procedure  was  continued 
with  approximate  regularity  for  several  months  or  during  the  season 
of  radial  growth.  Figure  8  represents  a  section  through  the  part  of 
ihe  stem  which  was  two  years  old  when  the  experiment  began.  The 
tree  made  a  good  radial  growth,  almost  concentric,  and  formed  a  com- 
plete ring  of  redwood.  An  examination  of  the  entire  layer  of  wood 
formed  during  the  time  of  experimentation  showed  that  the  cells 
were  not  all  alike.  The  spring  rows  were  redwood  as  were  also  the 
ouler  rows,  but  there  was  a  narrow,  irregular  band  of  much  less 
tjpical  redwood  located  between  these  two  sets  of  rows. 


Pia.  8.  Drawing  ot  a  croes  section  of  a  Norway  spruce  stem  from  a  tree 
wblcb  was  rotated  every  12  hours,  one-fourth  ot  a  revolution. 
(Redwood  Bbaded.)     Camera  luclda  drawing. 

A  number  of  trees  were  fastened  with  raffia  to  a  bent  wire  (plate 
IV,  figure  4).  These  were  then  so  placed  on  the  bench  that  the  bends 
were  exposed,  some  to  the  north,  some  to  the  south,  some  to  the  east 
and  some  to  the  west.  An  examination  of  these  trees  failed  to  show 
any  reaction  which  could  be  correlated  to  the  exposure  of  the  stem, 
all  producing  redwood  on  the  lower  sides  regardless  of  exposure  or 
mechanical  strains. 

An  attempt  was  made  to  determine  whether  or  not  mechanical 
strains  could  cause  the  white  pine  to  produce  redwood.  A  large  num- 
ber of  white  pines  were  transplanted  to  the  greenhouse  bench.  After 
a  period  of  two  years  when  they  had  become  firmly  established  and 
were  growing  rapidly,  they  were  fastened  to  a  frame  in  such  a  way 
that  they  could  be  moved  continuously  in  one  plane  by  means  of  an 
electric  motor.  The  frame  moved  back  and  forth  a  distance  of  25  cm. 
The  trees  were  so  fastened  that  one  set  was  moved  back  and  forth, 
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giving  alternate  tension  and  compression;  a  second  set  was  moved 
forward,  only  giving  compression  on  one  side,  with  tension  on  the 
other;  a  third  set  was  not  attached  to  the  frame  but  pushed  gently 
backwards  and  then  allowed  to  sway  much  as  they  would  when  struck 
by  the  wind.  The  motor  was  run  throughout  the  active  season  of 
radial  growth — except  for  a  few  minor  accidents  which  caused  very 
slight  interruption ;  then,  in  the  late  summer,  the  trees  were  marked  and 
sectioned.  In  no  case  did  redwood  formation  nor  marked  eccentric 
growth  take  place,  although  the  trees  produced  many  rows  of  cells. 
It  was  impossible  to  correlate  the  growth  with  the  "artificial  wind." 

In  several  cases  the  cord  from  the  frame  was  attached  near  the 
end  of  the  long  slender  leader.    The  lower  part  of  the  stem  was  so 


Fio.  9.  Drawing  of  a  cross  section  of  the  leader  of  a  white  pine  stem  which 
shows  marked  increase  in  radial  growth  on  the  sides  at  right 
angles  to  tension  "T"  and  compression  "C"  strains.  Camera 
lucida  drawing. 

rigid  that  the  slender  leader  made  a  very  sharp  bend  above  the  last 
whorl  of  branches,  indeed  so  sharp  a  bend  that  it  seemed  as  if 
the  leader  must  break.  Before  the  season  ended  it  was  apparent 
that  the  stem  was  flattened  at  right  angles  to  the  force  causing  the 
bend.  When  the  bark  was  removed  a  definite  ridge  of  wood  was  found 
on  each  side  of  the  stem  at  right  angles  to  the  compression  and  tension 
sides  (plate  IV,  figure  5).  The  ring  of  wood  on  the  sides  of  the  stem 
on  which  the  strains  were  exerted  was  45  cell-rows  wide,  while  at  right 
angles  to  these  through  the  ridge  it  was  83  cell-rows  wide  (figure  9). 
Neither  on  the  ridges,  the  place  of  greatest  radial  growth,  nor  on  the 
sides  where  mechanical  strains  were  greatest  was  any  redwood  what- 
soever developed.  No  detailed  anatomical  study  of  the  cell  structure 
was  made ;  however  sections  were  examined  to  determine  the  nature  of 
the  cells  forming  the  ridges.     The  wood  lacked  all  characteristics  of 
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redwood.  Very  little  reduction  in  the  size  of  the  summer  wood  cells 
was  noted.  The  entire  ring  was  practically  homogenous.  Sections 
at  right  angles  to  the  ridges  and  in  the  areas  of  mechanical  strain;. 
showed  that  in  the  spring  the  cells  were  of  normal  size,  shape  and 
thickness.  There  was  some  differentiation  in  the  summer  wood,  the 
last  one-third  of  the  ring  was  somewhat  irregular  and  the  cells  were  a 
little  smaller  (figure  10). 

This  trial  seems  to  indicate  that  the  production  of  summer  wood 
may  be  due  to  the  pressure  of  the  mechanical  forces.  On  the  ridges 
where  the  pressure  of  the  hark  was  certainly  much  reduced  there  was 
no  differentiation  into  spring  and  summer  wood,  while  on  the  side 
under  the  mechanical  strain  there  was  a  tendency  to  form  smaller  cells. 
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Fte.  10.  £>rawlDgB  of  gtobb  Becttons  of  cells  formed  on  the  compression  side 
of  the  leader  shown  in  Sg.  9.  The  drawing  on  the  left  was  made 
from  cells  formed  in  the  spring;  that  on  the  right  from  thoBO 
formed  in  the  sammer.    Camera  Ittctda  drawing. 

This  line  of  experimentation  may  throw  some  light  upon  the  much 
mooted  question  of  the  cause  of  the  production  of  summer  wood.  It 
also  shows  that  eccentric  growth  is  not  necessarily  associated  with  the 
formation  of  redwood. 

A  number  of  fir  trees,  Abies  balsamea,  growing  near  the  timber 
line  on  Mount  Mansfield  (approximately  4,200  feet  above  sea  level, 
44.5°  X.  lat.),  were  examined  in  the  summer  of  1919.  These  trees 
were  stunted,  were  from  two  to  three  meters  high  and  had  been  long 
subjected  to  west  and  northwest  winds  of  high  velocity.  The  wind- 
ward sides  of  the  top  were  branchless,  the  leeward  side  closely  branched 
and  heavily  leaved.     Cross  sections  of  these  stems  were  practically  con- 
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centric.  These  trees  grow  very  slowly  and  on  this  account  are  un- 
satisfactory material  for  this  study. 

A  number  of  trees  of  pitch  pine,  Pinus  rigida,  growing  in  the  open 
were  so  trimmed  that  the  branches  were  left  only  on  about  120  degrees 
of  the  circumference.  After  two  to  four  years  these  were  cut  and 
examined.  They  showed  no  correlation  between  the  width  of  the  ring's 
and  the  method  of  trimming.  Whatever  the  factor  causing  eccentric 
growth  it  evidently  is  not  the  method  of  trimming  and  is  not  dependent 
upon  the  place  of  food  supply  from  the  leaves. 

That  the  cambium  may  be  caused  to  divide  more  rapidly  by  other 
stimuli  than  that  of  gravity  is  evident  from  a  study  of  the  literature 
reviewed  by  Grossenbacher.  One  striking  example  was  found  in  a 
very  old  sycamore  tree,  Platanus  occidentalis.  This  large  tree  grew 
near  the  shipyards  of  the  Champlain  Transportation  Company  at  Shel- 
bume,  Vt.  These  yards  have  been  used  continuously  for  ship  building 
and  repairs  for  fully  a  hundred  years.  The  trunk  of  the  tree  exhibited 
numerous  wart-like  projections  of  various  sizes  on  its  surface.  One 
was  at  a  loss  to  explain  the  matter  until  a  large  spike  was  found  ex- 
tending from  the  center  of  one  of  these  warts.  By  use  of  an  axe  it 
was  soon  determined  that  a  spike  was  buried  in  each  projection.  In 
this  case  there  was  evidently  a  traumatropic  response. 

Summary 

1.  Redwood  and  eccentric  growth  usually  but  not  necessarily 
occur  together. 

2.  Compression  does  not  act  as  a  stimulus  causing  the  cambium 
to  divide  more  rapidly  and  produce  redwood. 

3.  Pressure  may  be  a  factor  in  the  differentiation  of  the  annual 
ring  into  spring-  and  summer-wood,  even  in  the  white  pine  and  spruce 
where  normally  such  differentiation  is  not  especially  marked. 

4.  The  production  of  redwood  in  the  trees  examined  in  these 
experiments  seemed  to  be  a  morphogenic  response  to  gravitation 
stimulus. 
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BULLETIN  220:    CONCERNING  FERTILIZERS,  COMMER- 
CIAL FEEDING  STUFFS,  AGRICULTURAL  SEED 

By  J.  L.  Hills,  C  H.  Jones,  G.  F.  Anderson,  Anna  S.  Lutman 

The  results  of  the  police  work  performed  during  1920  by  the 
Station  in  accordance  with  state  laws  is  set  forth  in  condensed  form 
in  this  bulletin.  The  Station  regrets  its  inability  to  furnish  the  full 
information  which  has  been  vouchsafed  prior  to  1919. 

It  may  be  said  m  brief: 

Fertilizer  Control,  That  the  fertilizers  sold  in  1920,  as  a  whole, 
were  quite  as  good  as  they  were  represented  to  be. — Pages  3-15.. 

Feeding  Stuffs  Inspection,  That  the  results  were  normal,  only 
a  few  brands  being  deficient  and  only  two  seriously  so. — Pages  15-23. 
Agricultural  Seed  Inspection.  That  one  lot  in  seven  was  not 
guaranteed;  that  one  in  five  was  deficient  and  one  in  14  seriously 
deficient  in  respect  to  the  maintenance  of  the  purity  guaranty;  and 
that  a  very  large  proportion  were  of  low  viability. — Pages  23-32. 

• 

FERTILIZER  CONTROL 

The  sampling  agents  of  the  Station  visited  a  large  number  of 
Vermont  cities,  towns,  villages  and  farms  in  the  spring  and  early  sum- 
mer of  1920,  and  drew  246  samples  from  dealers'  stocks  representing 
126  of  the  169  brands  of  commercial  fertilizers  licensed  for  sale  by  the 
following  companies: 

Licensees  *  Licensed  brands    Brands  sampled 

American  Agricultural  Chemical  Co 63  39 

Armour  Fertilizer  Works 7  7 

AUantlc  Packing  Co 4  3 

Bowker  Fertilizer  Co 9  7 

Burlington  Rendering  Co 5  5 

Coe-Mortimer  Co 8  8 

Columbia  Quano  Co 8  5 

Essex  Fertilizer  Co G  6 

International  Agricultural  Corporation,  Buffalo 

Fertilizer  Works 8  4 

International  Products  Co 1  0 

Listers'  Agricultural  Chemical  Works 10  8 

Lowell  Fertilizer  Co 8  8 

National  Fertilizer  Co 5  0 

New  England  Fertilizer  Co 5  5 

Parmenter  ft  Polsey  Fertilizer  Co 4  4 

ProTidence  S^mers'  Exchange 2  2 

Reading  Bone  Fertilizer  Co 7  6 

Rogers  ft  Hubbard  Co 7  7 

P.  8.  Royster  Guano  Co 9  1 

Sanderson  Fertilizer  and  Chemical  Co 3  1 

169  126 
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No  sales  were  made  of  18  brands  which  were  licensed  for  sale ; 
the  entire  shipment  was  used  before  the  sampling  agent  arrived  in  16 
instances ;  and  no  trace  whatsoever  could  be  found  of  nine  brands.  As 
everybody  knows,  transportation  conditions  were  lamentable  during  the 
spring  of  1920.  Fertilizers  arrived  late,  if  at  all,  and  frequently  were 
taken  from  the  car,  rushed  to  the  fields  and  used  inside  of  48  hours.  It 
was  only  by  dint  of  great  effort  that  samples  of  126  brands  were 
secured,  whereas  in  the  years  prior  to  the  war,  year  after  year, 
samples  of  practically  every  brand  which  were  licensed  were  drawn, 
and  fertilizer  bulletins  that  were  really  worth  while  were  published. 

No  samples  of  the  following  named  brands  were  secured: 

American  Agricultural  Chemical  Company's  Cereal  and  Root  fertilizer 

American  Agricultural  Chemical  Company's  Five-Four-Three  Tobacco  Per* 
tilizer 

American  Agricultural  Chemical  Company's   Bradley's  Root  Crop  Manure 

American  Agricultural  Chemical  Company's  Bradley's  Special  Potato  Ma- 
nure without  Potash 

American  Agricultural  Chemical  Company's  Bradley's  Special  XL  Super- 
phosphate without  Potash 

American  Agricultural  Chemical  Company's   Darling's  Farm  Favorite 

American  Agricultural  Chemical  Company's   Darling's  Potato  Fertilizer 

American  Agricultural  Chemical  Company's  Pacific  Special  Potato  Fertilizer 
without  Potash 

American  Agricultural  Chemical  Company's  Special  Soluble  Pacific  Guano 
without  Potash 

American  Agricultural  Chemical  Company's   Quinnipiac  Phosphate 

American  Agricultural  Chemical  Company's  Quinnipiac  Special  Com  Ma- 
nure without  Potash 

American  Agricultural  Chemical  Company's  Quinnipiac  Special  Potato 
Phosphate  without  Potash 

American  Agn'icultural  Chemical  Company's  Williams  ft  Clark's  Special  Am- 
ericus  Corn  Phosphate  without  Potash 

American  Agricultural  Chemical  Company's  Williams  ft  Clark's  Special  Am- 
erlcus  Potato  Manure  without  Potash 

Atlantic  Packing  Company's  Four-Eight-Four 

Bowker  Fertilizer  Company's  Stockbridge  Complete 

Bowker  Fertilizer  Company's  Stockbridge  Market  Garden 

Columbia  Guano  Company's  Growmore  Guano 

Columbia  Guano  Company's  Radio  Brand 

Columbia  Guano  Company's  Victory  Brand 

International  Agricultural  Corporation,  Inc.,  Buffalo  Fertilizer  Works,  Farm- 
er's Choice 

International  Agricultural  Corporation,  Inc.,  Bugalo  Fertilizer  Works,  Gen- 
eral Favorite 

International  Agricultural  Corporation,  Inc.,  Buffalo  Fertilizer  Works,  Vege- 
table and  Potato 

International  Agricultural  Corporation,  Inc.,  Buffalo  Fertilizer  Works,  Phos- 
phate and  Potash 

International  Products  Corporation's  Victory  Fertilizer 

Listers'  Agricultural  Chemical  Works'  Eastern  Pride  Fertilizer 

Listers'  Agricultural  Chemical  Works'  Excelsior  Guano  1916 

National  Fertilizer  Company's  Market  Garden  Fertilizer 

National  Fertilizer  Company's  Nitrogen  Phosphate  Mixture  No.  3 

National  Fertilizer  Company's  Soluble  Bone  and  Potash 

National  Fertilizer  Company's  Universal  Phosphate 

National  Fertilizer  Company's  XXX  Fish  and  Potash 

Reading  Bone  Fertilizer  Company's  All  Crop  Special 
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Royster  Guano  Company's  Arrow  Head  Tobacco  Formula 

Royster  Guano  Company's  Bully  Guano 

Royster  Guano  Company's  Fish  and  Potash 

Royster  Guano  Company's  Fish,  Flesh  and  Fowl 

Royster  Guano  Company's  Landmark  Brand 

Royster  Guano  Company's  Perfecto  Tobacco  Formula 

Royster  Guano  Company's  Prime  Fish  Brand 

Royster  Guano  Company's  Trucker's  Delight 

Sanderson  Fertilizer  &  Chemical  Company's  Corn  Superphosphate 

Sanderson  Fertilizer  ft  Chemical  Company's  Phosphate  without  Potash 

The  following  condensed  statements  set  forth  the  essential  facts 
as  to  the  maintenance  of  guaranties.  The  order  of  statement  is 
alphabetical  by  names  of  manufacturers. 

The  first  four  figures  in  the  table,  reading  horizontally  following 
the  brand  name,  indicate  what  the  manufacturers'  promises  were, 
expressed  in  percentage  terms ;  and  the  word  following,  usually  "Yes", 
less  often  "No",  tells  in  this  laconic,  straightforward  fashion  whether 
or  not  the  promises  have  been  kept.  The  remaining  words  and  figures, 
other  than  the  last  two,  show  the  quality  of  the  nitrogen  purveyed  by 
the  manufacturer.  By  the  use  of  the  words  "Passed"  or  "Not  Passed" 
the  character  of  the  organic  nitrogen  is  set  forth.  The  former  word  is 
used  whenever  the  analysis  indicated  a  good  or  passable  grade;  the 
latter  words  when  it  did  not.  The  next  two  statements  in  terms  of 
decimals  indicate  the  proportions  of  the  total  nitrogen  present  in  water- 
soluble  and  water-insoluble  forms.  The  former  includes  nitrate  nitro- 
gen, ammoniacal  nitrogen  and  such  organic  nitrogen  as  is  water-sol- 
uble ;  the  latter  such  organic  nitrogen  as  in  not  soluble  in  water,  more 
or  less  of  which — more  in  some  cases,  less  in  others — is  available  to 
plant  growth.  The  last  figure,  reading  horizontally,  indicates  in  terms 
of  a  decimal  what  proportion  of  the  total  phosphoric  acid  is  furnished 
in  available  form.  The  last  column  shows  by  the  presence  of  the  letter 
C  or  S  as  the  case  may  be  whether  the  potash,  if  present,  was  present 
as  muriate  or  chlorid  (C)  or  as  sulphate  (S).  In  case  both  were  pres- 
ent, the  letters  CS  or  SC  are  used,  the  one  first  given  indicating  pre- 
dominance. The  figures  in  parenthesis,  i.  e.  (23),  refer  to  the  matter 
on  page  10  to  12  entitled  "Concerning  deficiencies." 
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COm^ElNSED  STATEMENT  AS  TO  GUARANTIES  AND  ANALYSES 
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American  Agricultural  Chemical  Company,  92  State  St^  Boston,  Mass. 

A.  A.  Tobacco  Fertilizer 4.11      5      4  5    Tes  Passed  .3  .7  .9 

Ammonlated  Fertilizer  AA 1.65    11    10  ..    Yes  Passed  .6  .4  .7 

Ammoniated  Fertilizer  AAA...  2.47    11    10  . .     Yes  Passed  .6  .4  .8 

Bone-Phosphate  and  Potash 13    12  2    Yes  9 

Complete  Potato  Mixture 2.47      9      8  4    Yes  Passed  .6  .4  .9 

Bztra  Quality  Potato  Manure. .  4.11    11    10  . .    Yes  Passed  .7  .3  .9 

Grain  and  Seeding  Fertilizer..  1.66    11    10  ..  No(l)  Passed  .6  .4  .8 

Grass  and  Oats  Fertilizer 13    12  2    Yes  ..1.0 

Monarch  Potato  Manure 3.29      9      8  4    Yes  Passed  .8  .2  .9 

Grass  and  Lawn  Top  Dressing.  4.94      7      6  4    Yes  Passed  .8  .2  .8 

Special  Vegetahle  Fertilizer...  3.29    11    10  ..     Yes  Passed  .7  .3  .9 

Universal  Phosphate 0.82      9      8  2    Yes  Passed  .6  .4  .9 

(Bradley  Fertilizer  Company  Brands) 

Alkaline  Bone  with  Potash 13    12  2    Yes  1.0 

Complete  Manure  for  Top  Dress- 
ing Grass  and  Grain 4.94      7      6      4  No  (2)  Passed  .7  .3  .9 

Corn   Phosphate 1.65      9      8  2    Yes  Passed  .7  .3  .9 

Eclipse  Phosphate 0.82      9      8  2    Yes  Passed  .6  .4  .9 

Potato  Fertilizer 1.65      9      8  3    Yes  Passed  .7  .3  .9 

Potato  Manure 2.47      9      8  4    Tes  Passed  .7  .3  .9 

Special   Corn   Phosphate   with- 

.     out  Potash 1.65    11    10  . .    Yes  Passed  .6  .5  .9 

Special  Potato  Fertilizer  with- 
out Potash 1.65    11    10  ..    Yes  Passed  .7  .3  .9 

XL  Superphosphate  of  Lime 2.47    10      9      2    Yes  Passed  .7  .3  .9 

{Crocker  Fertilizer  and  Chemical  Company  Brands) 

Ammoniated  Com  Phosphate..  1.65      9      8      2    Yes  Passed  .4  .6  .8 

New  Rival  Ammoniated  Super- 
phosphate   0.82      9      8  2    Yes  Passed  .7  .3  .8 

Potato,  Hop  and  Tobacco  Fer- 
tilizer   1.65      9      8      3    Yes  Passed  .7  .3  .9 

(Great  Eastern  Fertilizer  Company  Brands) 

General 0.82      9      8      4    Yes  Parsed  .6  .4  .9 

Northern  Corn  Special 1.65      9      8      2    Yes  Passed  .7  .3  .9 

Potato  Manure 1.65      9      8      3    Yes  Passed  .7  .3  .9 

(Paciilc  Ouano  Company  Brands) 

Pacific  Nobsque  Guano 0.82      9      8      2    Yes  Passed  .5  .5  .9 

Pacific  Potato  Special 1.65      9      8      3    Yes  Passed  .6  .4  .9 

Soluble  Pacific  Guano 1.65      9      8      2    Yes  Passed  .5    .5  .8 

(Quinnipiac  Company  Brands) 

Corn  Manure 1.65      9      8      2    Yes  Passed  .6    .4  .9 

Potato   Manure 2.47      9      8      4    Yes  Passed  .7    .3  .9 

Potato  Phosphate 1.65      9      8      3    Yes  Passed  .6    .4  .9 

(Read  Fertilizer  Company  Brands) 

Farmers' Friend  Superphosphate  1.65      9      8      2    Yes  Paased  .7    .3  .9 
Practical  Potato  Special  Fertil- 
izer   1.65      9      8      3    Yes  Passed  .7    .3  .9 
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{Williams  d  dark  Fertiliser  Company  Brands) 

Americus    Ammoniated     Bone 

Superphosphate. 2.47  10  9  2 

Americas  Corn  Phosphate 1.65  9  8  2 

Americns  Potato  Manure 1.65  9  8  3 

Potato  Phosphate 2.47  9  8  4 


Yes  Passed  .7  .3  .9 

Yes  Passed  .6  .4  .9 

Yes  Passed  .8  .2  .9 

No  (3)  Passed  .7  .3  .9 


Armour  Fertiliser  Works,  1501-1514  Mnnsey  Bnildlng,  Baltimore,  Md. 


Cereal  Special  No.  1.  2/10/6...  1.65  10.510  6  Yes 

Cereal  Special  No.  2,  2/10/4...  1.65  10.510  4  Yes 

Fonr-Ten-Zero  Fertilizer 3.29  10.510  ..  Yes 

Grain  Grower  2/8/2 1.65  8.5   8  2  Yes 

Phosphate  and   Potash    No.   1, 

0/10/2 10.510  2  Yes 

Potato,  Onion  and  Vegetable...  3.29  8.5   8  4  ?  (4) 

Wheat  and  Gloyer  0/10/5 10.5 10  5  Yes 


Passed 
Passed 
Passed 
Passed 


Passed 
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.7  .3  .9 

.7  .3  .8 

.6  .4  .9 

.6  .4  .9 
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Aflaiitie  Packing  Company,  North  Aye^  Bnrllngton,  Yt. 

Three-Eight-Four 2.46      9      8      4    Yes        Passed        .6  .4  .9 

Two-Hght-Three. 1.65      9      8      3    Yes        Passed        .6  .4  .9 

Two-Eight-Two 1.65      9      8      2    Yes        Passed        .6  .4  .8 


Bowker  Fertiliser  Company,  43  Chatham  St.,  Boston,  Mass. 


All  Round  FerUlizer 2.47  9 

Com,  Grain  and    Grass   Phos- 
phate   1.65  9  8 

Four-Ten  HIU  and  Drill 3.29  11  10 

Hill  and  Drill  Phosphate 2.47  10  9 

Pt>Uto  and  Vegetable  Phosphate  1.65  9  8 

Superphosphate  with  Potash 13  12 

Sure  Crop  Phosphate 0.82  9  8 


8      4    Yes 


Passed 


2    Yes  Passed 

.     Yes  Passed 

2  No  (5)  Passed 

3  Yes  Passed 

2    Yes         

2    Yes  Passed 
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Burlington  Rendering  Company,  North  Aye.,  Burlington,  Tt. 


Ponr-Elght-Fdur 3.28  9  8  4  Yes  Passed 

One-Ten-One 0.82  11  10  1  Yes  Passed 

Three-Klght-Four 2.46  9  8  4  Yes  Passed 

Tyo-Eight-Three 1.64  9  8  3  Yes  Passed 

Tvo-EIght-Two 1.64  9  8  2  Yes  Passed 


Passed 
Passed 


Coe-Mortimer  Company,  51  Chambers  St,  New  York,  N.  T. 
^  F^k  Coe's  Columbian  Corn 

ud  Potato  Fertilizer 1.65      9      8      3 

B.  Prank  Coe's  Com  King 2.47    10      9      2 

^  Frank  Coe's  Dlssolyed  Phos- 
phate and  Potash 13    12      2 

^  Frank  Coe's  New  Englander 

Special 0.82'     9      8      2 

^  Frank  Coe's  Original  Ammo- 

i^ted   Dlssolyed    Phosphate, 

1316 1.65     11    10     .. 

E.  Frank  Coe's    Prolific   Crop 

Producer 3.29    11    10     . . 

£•  Frank  Coe's  Special  Grass 

Top  Dressing  Manure 4.94      7 
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Columbia  Ouano  Company,  Munsey  Ballding,  Baltimore,  Md. 

Famous  Trucker  4/8/7 3.3        8.6   8      7  No  (6)    Passed  .8  .2 

Fish  and  Potash  2/8/2 1.65      8.6   8      3    Yes    Not  passed  .7  .3 

(7) 

Freedom  Guano  4/8/4 3.3        8.5   8      4  No  (8)    Passed  .8  .2 

Prize  Guano   2/8/5 1.65      8.5   8      5    Yes        Passed  .7  .3 

Soluble  Guano  2/8/2 1.65      8.5   8      2    Yes    Not  passed  .7  .3 

(9) 

Essex  Fertiliser  Company,  89  North  Market  St,  Boston,  Mass. 

Bone  Fertilizer  2/10/0 1.64    11    10     . .     Yes    Not  passed  .6  .4 

(10) 

Fish  Fertilizer  3/8/3 2.46      9      8      3    Yes        Passed  .7  .3 

One-Ten-One. 0.82    11    10      1    Yes    Not  passed  .5  .5 

(11) 

Market  Garden  3/8/4 2.46      9      8      4    Yes        Passed  .7  .3 

Two-Blght-Two 1.64      9      8      2  ?  (12)      Passed  .6  .4 

Two-Bight-Three 1.64      9      8      3    Yes        Passed  .6  .4 

International  Agricultural  Corporation 
Buffalo  Fertilizer  Works,  812  Marine  Bank  Building,  Buffalo,  N.  T. 

Buffalo  Economy 1.65      9      8      2    Yes        Passed  .8  .2 

Buffalo  High  Grade  Manure 3.3        9      8      4    Yes        Passed  .7  .3 

Buffalo  New  England  Special..  1.65    11    10      4    Yes        Passed  '  .7  .3 

Buffalo  Top  Dresser  and  Starter  5.8        7      6     . .  No  (13)   Passed  .7  .3 

Listers'  Agricnltnral  Chemical  Works,  Lister  Aye.,  Newark,  N.  J. 

Corn  and  Potato  Fertilizer 1.65      9      8      3  No  (14)   Passed  .6  .5 

Fish  and  Potash  Fertilizer 2.47    11    10      3    Yes        Passed  .6  .4 

Fish  Brand  Fertilizer 0.82      9      8      4    Yes        Passed  .4  .6 

Four-Bight-Four  Fertilizer 3.29      9      8      4    Yes        Passed  .9  .1 

Grain  and  Grass  Fertilizer  Re- 
vised      13    12      2    Yes         

King  Bee  Fertilizer 1.65    11    10      4    Yes        Passed  .6  .4 

Squirrel  Brand  Fertilizer 0.82      9      8      2    Yes        Passed  .0  .4 

Success  Fertilizer 1.65      9      8      2    Yes    Not  passed  .5  .5 

(15) 

Lowell  Fertilizer  Company,  40  North  Market  St,  Boston,  Mass. 

Animal  Brand  3/8/4 2.46      9      8      4    Yes        Passed  .7  .3 

Bone  Fertilizer  2/8/2 1.64      9      8      2  No  (16)   Passed  .6  .4 

Dissolved  Bone  Fertilizer  2/10/0  1.64    11    10     . .     Yes       Passed  .6  .4 

Empress  Brand  1/10/1 0.82    11    10      1    Yes    Not  passed  .6  .4 

(17) 

Four-Bight-Four 3.29      9      8      4    Yes        Passed  .7  .3 

Three-EightrThree 2.46      9      8      3    Yes        Passed  .7  .3 

Three  and  a  half-Ten-Zero 2.87    11    10     ..No  (18)   Passed  .6  .4 

Two-Eight-Three 1.64      9      8      3    Yes        Passed  .6  .4 
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.9 
.9 


C 
C 

C 
C 
C 


.8 

C 

.9 

C 

.9 

C 

.8 

c 

.9 

C 

.8 

c 

.8 

c 

.8 

c 

.8 

c 

.7 

sc 

.8 

cs 

.8 

c 

.9 

c 

.9 

sc 

.8 

c 

.8 

cs 

.7 

CS 

.9 

C 

.8 

C 

.8 

•   • 

.9 

c 

.8 

c 

.8 

c 

.7 

•    • 

.8 

c 

Commercial  Fertilizers,  etc. 
condensed  statement  as  to  ouarantibs  and  analyses 
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■Tew  England  F«rtIIinr  Coropanj,  MA  Kortb  Hailet  St,  Boston,  Hssb. 

.4    .9 


One-TcB-One. 0.82  11  10 

Superpbosphate  3/S/4 2.46  9  S 

Three  and  a  half-Ten-Zero 2.87  11  10 

Two-Glght-Two 1.64  9  8 

Tvo-Ten-ZM'o 1.64  11  10 


4    Yee  Passed 

Tee  Passed 

2  No  (19)  Pftased 

. .     Yes  Passed 


.«    .8 


Faranter-ft  Polsej  Fertiliser  Companr,  41  ITorth  Market  SL,  Boston,  Mass. 

One-Ten-One 0.82    11    10      lNo(20)    Paseed        .6     .B    .9  i 

Pljmonth  Rock 2.46      9      8      4    Yes        Passed        .G     .4     .9  i 

Two-ElKht-Three 1.64      9      8      3    Yes        Passed        .6     .4    .9  ( 

Two-Eight-Two 1.64      9      8      2    Yes        Pasoedf       .6    .4    .8  i 

FroTldence  Farmers'  Exchange,  4S  Batkbnm  St^  ProTldence,  B.  I. 


3        Passed 

Beading  Bone  Fertlllaer  Company,  Beading,  Pa. 
I       Passed 


DlMolved  Animal  Matter 0.82  11  10 

Ecoiiomr  Brand II  10 

Fanneri'  Tankage  and  Potash.  O.SZ  11  10 

High  Grade  Truck  Food 3.29  13  12 

Reading  Ono-Elght-FIve 0.82  9  S 

Iteadlog    Special     Potato     and 

Tobacco  Manure 0.82  13  12 


2    Yes        Passed 

Yes        Passed 

5  No  (21)    Passed 


1        Passed 
Bofers  &  Hnbbard  Company,  MIddletown,  Conn. 


m  Soils— All  Crops  PhOBpbate  3.29      9 

"Bone  Base"  Fertlllier  lor  Oats 
ud  Top  Dressing 8.22      8 

"Bme  Base"  Fertilizer  lor  Seed- 
l£«  Down 2.17    15 

"Bone  BaM"  Soluble  Corn  and 

General  Crops  manure 2.46    10 

Bone  Base"  Soluble  Potato  Mar 
Bure 4.1J     10 

Complete  Phosphate 0.82      9 


6  Yes  Passed 

4  Yes  Passed 

4  Yes  Passed 

4  Yes  Paaaed 

6  No  (22)   Paased 
2    Yes    Not  Passed 

(23) 
4    Yes        Passed 


Potato  Phosphate 1.64 

r.  i.  Boyster  dnano  Company,  1<I04'1614  Hnnsey  Building,  Baltimore,  Md. 

Dtesdnaoght  Quano 1.6G      S.&   I 

Saaderson  Fertlllier  and  Chemical  Company,  Ken  Haren,  Conn. 


.5    .6    .8      C 
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Concerning  Deficiencies 
american  agricultural  chemical  company 

(1)  Grain  and  Seeding  Fertilizer,  Available  phosphoric  0.7% 
short  of  guaranty,  but  nitrogen  0.4%  above  guaranty.  Shortage  of 
plant  food  3%.    Full  commercial  value  probably  furnished. 

(2)  Bradley's  Complete  Manure  for  Top  Dressing  Grass  and 
Grain,  Nitrogen  0.8%  short  of  guaranty,  but  available  phosphoric 
acid  0.6%  and  potash  0.5%  above  guaranty.  No  actual  shortage  of 
plant  food,  but  full  commercial  value  probably  not  furnished. 

(3)  Williams  &  Clark's  Potato  Phosphate,  Potash  0.8%?  short 
of  guaranty,  but  nitrogen  0.4%  and  available  phosphoric  acid  0.8% 
above  guaranty.  No  actual  shortage  of  plant  food.  Full  commercial 
value  probably  furnished. 

ARMOUR  FERTILIZER  WORKS 

.  (4)  Potato,  Onion  and  Vegetable  4/8/4.  Nitrogen  0.3%  short  of 
guaranty,  but  available  phosphoric  acid  0.7%  and  potash  0.4%  above 
guaranty.  No  actual  shortage  of  plant  food.  Full  commercial  value 
probably  furnished. 

BOWKER  FERTILIZER  COMPANY 

(5)  Four-Ten  Hill  and  Drill,  Nitrogen  0.3%  short  of  guaranty, 
but  available  phosphoric  acid  0.4%  above  guaranty.  No  actual  short- 
age of  plant  food,  but  full  commercial  value  not  furnished. 

COLUMBIA  GUANO  COMPANY 

(6)  Famous  Trucker.  Nitrogen  0.3%  short  of  guaranty,  but 
available  phosphoric  acid  and  potash  0.3%  above  guaranty.  No  actual 
shortage  of  plant  food,  but  full  commercial  value  not  furnished. 

(7)  Fish  and  Potash,  Contains  35%  of  the  guaranteed  nitrogen 
and  33%  of  the  total  nitrogen  found  in  unavailable  forms. 

(8)  Freedom  Guano,  Nitrogen  0.6%  short  of  guaranty,  but 
available  phosphoric  acid  0.8%  and  potash  0.2%  above  guaranty.  No 
actual  shortage  of  plant  food,  but  full  commercial  value  not  furnished. 

(9)  Soluble  Guano,  Contains  35%  of  the  guaranteed  nitrogen 
and  34%  of  the  total  nitrogen  found  in  unavailable  forms. 
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ESSEX  FERTILIZER  COMPANY 

(10)  Bone  Fertilizer  2/10/0.  Contains  37%  of  the  guaranteed 
nitrogen  and  35%  of  the  total  nitrogen  found  in  unavailable  forms. 

(11)  One-Ten-One.  Contains  49%  of  the  gfuaranteed  nitrogen 
and  47%  of  the  total  nitrogen  found  in  unavailable  forms. 

(12)  Two-Eight-Two.  Available  phosphoric  acid  0.6%  short  of 
guaranty,  but  nitrogen  0.2%  and  potash  0.4%  above  guaranty.  No 
actual  shortage  of  plant  food.    Full  commercial  value  furnished. 

INTERNATIONAL  AGRICULTURAL  CORPORATION,  BUFFALO  FERTILIZER 

WORKS 

(13)  Buffalo  Top  Dresser  and  Starter.  Nitrogen  0.5%  short  of 
guaranty,  but  available  phosphoric  acid  0.7%  above  guaranty.  No 
actual  shortage  of  plant  food,  but  full  commercial  value  not  furnished. 

listers'  AGRICULTURAL  CHEMICAL  WORKS 

(14)  Corn  and  Potato  Fertilizer.  Available  phosphoric  acid 
0,5%  short  of  guaranty,  but  nitrogen  0.3%  and  potash  0.2%  above 
guaranty.  No  actual  shortage  of  plant  food.  Full  commercial  value 
probably  furnished. 

(15)  Success  Fertiliser.  Contains  61%  of  the  guaranteed  nitro- 
gen and  51%  of  the  total  nitrogen  found  in  unavailable  forms. 

LOWELL  FERTIUZER  COMPANY 

(16)  Bone  Fertilizer  2/8/2.  Available  phosphoric  acid  0.8% 
short  of  guaranty,  but  nitrogen  and  potash  0.3%  above  guaranty. 
Shortage  of  plant  food  4%.  Full  commercial  value  nearly  if  not 
quite  furnished. 

(17)  Empress  Brand  1/10/1.  Contains  50%  of  the  guaranteed 
nitrogen  and  43%  of  the  total  nitrogen  found  in  unavailable  forms. 

(18)  Three  and  a  Half-Ten-Zero.  Available  phosphoric  acid 
0.4%  short  of  guaranty.  Shortage  of  plant  food  4%.  Full  commercial 
value  not  furnished. 

NEW  ENGLAND  FERTILIZER  COMPANY 

(19)  Two-Eight-Two.  Available  phosphoric  acid  0.8%  short  of 
guaranty,  but  nitrogen  and  potash  0.4%  above  guaranty.  Shortage  of 
plant  food  4%.     Full  commercial  value  probably  furnished. 
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parmenter  and  polsey  fertilizer  company 

(20)  One-Ten-One.  Available  phosphoric  acid  0.4%  short  of 
guaranty,  but  nitrogen  and  potash  0.4%  above  guaranty.  No  actual 
shortage  of  plant  food.     Full  commercial  value  furnished. 

READING  BONE  FERTILIZER  COMPANY 

(21)  One-Eight-Five,  Available  phosphoric  acid  1.2%  short  of 
guaranty,  but  nitrogen  0.3%  and  potash  0.5%  above  guaranty.  Short- 
age of  plant  food  3%.     Full  commercial  value  probably  furnished. 

ROGERS  &  HUBBARD  COMPANY 

(22)  "Bone  Base"  Soluble  Potato  Manure,  Potash  0.6%  short 
of  guaranty,  but  available  phosphoric  acid  0.2%  above  guaranty. 
Shortage  of  plant  food  2%.     Full  commercial  value  not  furnished. 

(23)  Complete  Phosphate,  Contains  50%  of  the  guaranteed 
nitrogen  and  45%  of  the  total  nitrogen  found  in  unavailable  forms. 

ROYSTER  GUANO  COMPANY 

(24)  Dreadnaught  Guano,  Available  phosphoric  acid  0.3% 
short  of  guaranty,  but  potash  0.1%  above  guaranty.  Shortage  of 
plant  food  2%.  Full  commercial  value  possibly  furnished.  Contains 
35%  of  the  guaranteed  nitrogen  and  34%  of  the  total  nitrogen  found 
in  unavailable  forms. 

Discussion  of  the  Results  of  Inspection 

Quantity  of  plant  food.  Fertilizers  sold  in  Vermont  in  the  spring 
of  1920 — if  one  may  judge  by  the  results  of  inspection — as  a  whole 
were  up  to  the  usual  grade.  There  were  378  guaranties  made,  24  of 
which,  or  one  in  16,  were  not  maintained.  Of  these  24  deficiencies 
only  10  or  one  in  38  were  in  excess  of  0.5%.  Twenty-four  brands 
were  in  trouble,  or  19%  of  the  entire  number.  In  17  of  the  24  brands 
there  was  no  shortage  of  total  plant  food,  while  in  the  other  seven 
brands  the  deficiencies  in  no  case  were  greater  than  4%.  The  manu- 
facturers, as  usual,  and  very  properly,  furnished  very  little  more  plant 
food  than  they  promised  to  supply.  The  average  fertilizer  sold  in 
Vermont  in  1920  was  guarantied  to  contain  approximately  2%  of  nitro- 


Commercial  Fertilizers,  etc. 


13 


gen,  10^%  total 


u«ailahle_pb9S£horic  acid,  and  2j^% 


potash;  and  it  averaged  to  contain  very  little  more  tfian  these  figures. 

Qu(UUy  of  plant  food.  The  information  heretofore  vouchsafed  as 
to  the  nitrate  and  ammoniacal  nitrogen  contents  of  the  several  brands 
cannot  be  furnished  this  year.  However,  the  availability  of  the  organic 
nitrogen  was  determined  as  usual  and  eight  brands  were  found  to  con- 
tain what  seemed  to  be  undue  amounts  of  unavailable  organic  nitrogen, 
namely :  Columbia  Guano  Company's  Fish  and  Potash,  Soluble  Guano ; 
Essex  Fertilizer  Company's  One-Ten-One,  Bone  Fertilizer;  Lowell 
Fertilizer  Company's  Empress  Brand  One-Ten-One;  Listers'  Agricul- 
tural Chemical  Works*  Success  Fertilizer;  Rogers  &  Hubbard  Com- 
pany's Complete  Phosphate;  Royster  Guano  Company's  Dreadnaught 
Guano. 

The  proportions  of  phosphoric  acid  furnished  in  available  forms 
by  the  several  companies  vary  about  as  usual.  It  is  gratifying  to  note 
the  reappearance  of  potash  in  considerable  quantities. 


CONCERNING  THE  BRANDS 

A  study  of  the  brands  is  interesting.  One  hundred  and  sixty- 
eight  were  licensed,  but  only  about  25  grades  were  sold.  Speaking 
broadly,  and  using  ammonia  figures  in  lieu  of  nitrogen  figures  for  the 
sake  of  simplicity,  the  grades  which  really  seem  to  have  constituted 
practically  all  the  1920  Vermont  sales,  together  with  the  average  time 
prices  at  which  they  were  sold,  were  as  is  shown  in  the  following  table. 


NON-NITROGENOUS  BRANDS 


Ammonia 
percent 

Available 
phosphoric  acid 
percent 

Potash 
percent 

Brands 
number 

Approximate 

time  price 

per  ton 

0 
0 

10-12 
10 

2 
4-5 

7 
2 

$41 
48 

NON-NITBOOENOUS 

BRANDS 

1 

2 

3 

3% 

4 

6 

10-12 
10 
10 
10 

10-12 
10 

0 
0 
0 
0 
0 
0 

2 

8 
2 
1 
6 
1 

$43 

46 
60 
55 
57 
66 

1% 

POTASH  GOODS 

1 

10 

1 

6 

$46 
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Ammonia 
percent 

Available 
phosphoric  acid              Potash 
percent                    percent 

Brands 
number 

Approximate 

time  price 

per  ton 

NON-POTASSIC  BRANDS 

2%  rOTASH  GOODS 

1 
2 
3 

8-10 

8 

9-10 

2 
2 
2 

3%  POTASH  GOODS 

9 

19 

4 

$46 
51 
59 

2 
3 

8 
8 

.  3 
3 

4%  POTASH  GOODS 

17 
2 

$53 
60 

1 
2 
3 
4 

8 

8-10 
8 
8 

4-5 

4-5 

4 

4 

3 

5 

12 

9 

$52 
58 
03 
70 

HI<3H  POTASH  OB  HIGH   MilVOGEN   BRANDS 

2 
3 
4 
5 
5 
6 
7 
10 

10 
6 
8 
4 
8 

6 
6 
3 

6 
4 
6-7 
6 
6 
4 
0 
4 

163 
61 

74 

•  « 

81 
80 
72 

87% 

Cost  of  Commercial  Fertilizers,  1919  and  1920 

A  considerable  amount  of  data  as  to  retail  prices  leads  the  writer 
to  conclude  that  the  following  figures  are  fairly  representative  of  the 
time-prices  of  goods  sold  in  Vermont  in  1919  and  1920. 


Ammonia 


Available 

phosphoric 

acid 


Potash 


1919 


1920 


1920+1919 


1 

10 

0 

$36 

143 

+17 

2 

10 

0 

43 

46 

-f  3 

3 

10 

0 

50 

50 

0 

4 

10 

0 

65 

57 

+  2 

1 

10 

1 

40 

46 

+  6 

1 

8 

2 

46 

46 

0 

2 

8 

2 

53 

61 

—  2 

2 

8 

3 

61 

53 

—  8 

2 

8 

4 

67 

58 

—  9 

4 

8 

4 

76 

70 

—  6 

The  increasing  inflow  and  lessened  cost  of  potash  has  tended  to 
lower  the  price  of  goods  carrying  this  ingredient.  It  seems  to  have 
been  the  policy  of  the  trade  to  mark  up  the  prices  of  the  lower  grades  in 
order  to  meet  the  greatly  increased  costs  of  manufacture  prevailing 
in  the  fall,  winter  and  spring  of  1919-1920. 
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Add  phosphate  was  sold  at  retail  in  several  parts  of  Vermont  at 
$32  to  $34  and  nitrate  of  soda  was  offered  for  about  $90.  Each  con- 
tained 16  percent  of  available  plant  food  or  320  pounds  per  ton.  A 
pound  of  available  phosphoric  acid  cost  about  10  cts,  delivered ;  a  pound 
of  nitrate  nitrogen — as  good  as  any  and  better  than  many  forms  found 
in  commercial  fertilizers — cost  less  than  30  cts.  delivered.  Let  us  note 
what  nitrogen  cost  in  commercial  fertilizers,  calculating  the  available 
(^osphoric  acid  at  the  price  it  was  selling  for  at  retail  in  Vermont  in 
1919. 

1/10  grade  10%  =  200  lbs.    200  X  $0.10  =  $20. 

$43  —  $20  =  $23.  1%  ammonia  =  0.82%  nitrogen  =  16.4  lbs. 
nitrogen  for  $23  or  $1.40  a  lb. 

2/10  grade  32.8  lbs.  nitrogen  for  $26  or  79.3  cts.  a  lb. 

3/10  grade  49.2  lbs.  nitrogen  for  $30  or  61     cts.  a  lb. 

4/10  grade  65.6  lbs.  nitrogen  for  $37  or  56.4  cts.  a  lb. 

Potash  seemed  to  cost  at  retail  in  Vermont  in  mixed  goods  about 
25  cts.  a  pound,  if  one  may  judge  by  the  above  prices. 

Now  the  University  was  in  the  market  last  spring  to  buy  plant 
food.  It  bought  crude  stock,  unmixed  ingredients,  and  paid  cash,  as 
any  farmer  with  ready  money  or  good  credit  might  have  done.  It  paid 
for  nitrogen  in  two  forms,  33.3  and  37.4  cts.  a  pound,  which  compare 
favorably  with  56.4  to  140  cts.  a  pound ;  it  paid  7.8  cts.  a  pound  for 
available  phosphoric  acid,  which  is  somewhat  less  than  10  cts. ;  and  it 
bought  no  potash  whatsoever,  because  it  was  not  thought  that  a  new 
dollar  in  crop  growth  would  be  likely  to  replace  an  old  one  spent  for 
potash. 

Farmers  who  bought  cooperatively  through  farmers'  exchanges  in 
1920  as  in  previous  years  bought  at  a  considerable  saving  as  compared 
with  the  usual  methods  of  purchase. 

The  average  fertilizer  sold  in  all  probability  for  about  $50,  an 
advance  of  nearly  50  percent  over  the  prices  asked  during  1915-17. 

FEEDING  STUFFS  INSPECTION 

The  sampling  agents  of  the  Station  visited  about  50  cities,  towns 
and  villages  in  Vermont  in  the  spring  of  1920,  and  drew  563  samples 
from  dealers'  stocks,  representing  289  brands  of  goods  which  either 
are  subject  to  or  exempt  from  the  necessity  of  guaranty.  The  samples 
have  been  examined  chemically  for  protein  only. 
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The  law  seems  fairly  well  observed  at  present.  Unguaranteed 
goods  are  infrequent  at  the  present  time  and  overguaranties  are  not  as 
common  as  once  they  were ;  but  overstatements  in  advertising  occur. 

The  following  condensed  statements  set  forth  the  facts  as  to 
protein  guaranty  maintenance  as  determined  in  the  present  inspection. 
Within  groups,  the  order  of  statement  is  alphabetical  by  names  of  manu- 
facturers or  jobbers.  Manufacturers'  or  jobbers'  names  and  addresses 
are  printed  in  small  capitals,  brand  names  in  italics,  guaranties  in 
figures  in  parenthesis  following  the  brand  name.  The  deficiency  in 
protein  content,  if  any,  is  stated  following  the  guaranty  in  italics. 

COTTONSEED  MEALS 

PBOTBIN  GUARANTIES  irUUTLLED 

Abhcboft-Wilkinson  Ck).,  Atlanta,  Ga.,  Paramount  (36).  F.  W.  BsoDfi  Co., 
Memphis,  Tenn.,  Jay  (36).  Bucjkeyb  Cotton  Oil  Co.,  (Cincinnati,  C, 
Buckeye  Good  (36).  Ck)TTONSEED  Products  Ck>.,  LomsvuxE,  Kt.,  Good 
(36).  Humphbeys,  GJodwin  Co.,  Memphis,  Tenn.,  BuH  (43);  Danish 
(36).  Lylb  &  Ltle,  Huntsville,  Ala.,  Econom/if  (36).  J.  E.  Sopeb  Co., 
Boston,  Mass.,  Pioneer  (36);  Puritan  (36).  Un'ion  Seed  ft  Febtilizeb 
Co.,  Montgomery,  Ala.,  Surety  (36). 

protein  guaranties  not  fulfilled 

East  St.  Louis  (Cotton  Oil  Co.,  East  St.  Louis,  III.,  8t.  Clair  (guaranty  36. 
analysis  35.5).  Farmers'  Ck>TTON  Oil  ft  Trading  Co.,  Uniontown,  Aul., 
(guaranty  36,  analysis  34). 

COTTONSEED  FEED  MEAL 

PROTEIN  GUARANTY  FULFILLED 

Union  Seed  ft  Febtilizer  Co.,  Huntsville,  Ala.,  Columbia  (20.56).  (The 
local  dealer  reports  this  lot  as  consisting  of  "only  seven  bags  in  a  lot  sent 
by  mistake."  As  a  matter  of  fact  this  was  really  cottonseed  meal  carry- 
ing 35%  protein,  placed  In  cottonseed  feed  bags.) 

LINSEED  MEALS 

PROTEIN  GUARANTIES  FULFILLED 

American  Linseed  Co.,  Buffalo,  N.  Y.,  Old  Process  (34).  Amebican  Milung 
Co.,   Peobia,   III.,   Old  Process    (30).     Midland   Linseed  Products   (>o., 

Minneapolis,    Minn.,   Argentine   Old   Process    (30);    (32); 

Midland  Old  Process  (30);  (32).    Spencer  Kellogg  ft  Sons, 

Inc.,  Buffalo,  N.  Y.,  Pure  Old  Process  (30). 

protein  guaranties  not  fulfilled 

American  Linseed  Co.,  Chicago,  III.,  Old  Process  (guaranty  34,  analysis  31.6). 
Archer  ft  Daniels  Linseed  Co.,  Buffalo,  N.  Y.,  Old  Process  (guaranty  34, 
analysis  31.1).  Midland  Linseed  Products  Co.,  Minneapolis,  Minn.,  Old 
Process  (guaranty  32,  analysis  30.9).  Spencer  Kellogg  ft  Sons,  Inc., 
Undeboliff,  N.  J.,  Pure  Old  Process  (guaranty  31,  analysis  30.4). 
Spencer  Kellogg  ft  Sons,  Inc.,  Buffalo,  N.  Y.,  Pure  Old  Process  (guar- 
anty 33,  analysis  31.4). 
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GLUTEN  FEEDS 

PROTEIN  GUABANTIE8  FULFILLED 

AiiERicAir  Maize  PJM)DUCts  Co.,  New  York,  N.  Y.,  Cream  of  Com  (23). 
CiJifTON  Sugar  RsFnnNG  Co,,  Cunton,  Iowa,  Clinton  (23).  Corn  Paod- 
ucTs  Refining  C6.,  New  York,  N.  Y.,  Buffalo  (23).  A.  E.  Staucy  Manu- 
FACTURiNo  Co.,  Decatub,  III.,  Staley^a  (20).  United  States  Food 
Pboductb  Cobforation,  Peoria,  III,  Fanner  Jones  (23). 

BREWERS'  DRIED  GRAINS 

protein  guaranties  fuutilled 

Fabmers'  Feed  Co.,  Buffalo,  N.  Y.,  Bull  (27'.2).  Fleischmann  CJo.,  Peekbkill, 
N.  Y.,  Fleischmann'8  (17);  Fleischmann*8  (16);  Fleischmann'a  Dried 
Malt  Cfrains  (22). 

PEANUT  FEED— COCX)ANUT  MEAIr— VELVET  BEAN  MEAL 

protein  guaranties  fulfilled 

HiTiiFHRETB,  (SoDwiN  Co.,  MEMPHIS,  Tenn.,  Peonut  Feed,  Liberty  Brand  (30). 
Spencer  Kellogg  ft  Sons,  Inc.,  Undercuff,  N.  J.,  Cocoanut  Meal  (20). 
Humphrets,  (Godwin  Ck>.,  Memphis,  Tenn.,  Velvet  Bean  Meal,  Digesto 
Brand  (17). 

WHEAT  OFFALS— BRAN 

protein  guaranties  fulfilled 

Acme-Evans  Co.,  Indianapolis,  Ind.,  Acme  (15.5);  Acme  (15.6).  E.  W. 
Bailbt  ft  Co.,  MoNTPELns,  Vt.,  Pennant  (14.5).  Samuel  Bell  ft  Sons, 
,  .,  Bellaon  (13).     Cannon  Vaixby  Milling  Co.,  Minne- 


•» 


afous,  MtNN.,  C.  y.   (15).     Century  Milling  Co.,  ,  — 

Jersey   (13).     CJommercial  Milling  Co.,   DIetboit,  Mioh.,  

(14.5).    Consolidated  Flour  Mills  Co.,  Hutchinson,  Kan.,  Wheat  Bran 
and  (not  to  exceed  8%  ground  wheat)  screenings  (14.5).    Consolidated 

Milling  Co.,  ,  .,  Pure  (14.5).     Everett  Auchenraugh  ft 

O)., ,  .,  E.  A.  Co.  (14).    Federal  Milling  Co.,  Lookport, 

N.  T.,  Lucky  (13);  Dairy  Maid  (12.5);  Lucky  (12).  Ismert-Huck  Co., 
Kansas   Cftt,   Mo.,  I-B   (14.5).     Larraree   Flour   Mills   (Corporation, 

Kansas  Oty,  Mo.,  Larrahee  (15).    H.  D.  Lee  BYour  Mills  Co., , 

.,  Wheat  Bran  with  (not  to  exceed  8%)  screenings  (14.5).    Lee-War- 

BEN  Milling  Co.,  ,  .,  (14.5).     New  Prague 

Milling  Co.,  New  Prague,  Minn.,  Seal  of  Minnesota  (13.3).  Northwest- 
ern Consolidated  Milijng  C5o.,  Minneapolis,  Minn.,  •  (14.5). 

Ooi«NSRURG  Roller  Mills  Co.,  Ogdensrurg,  N.  T.,  Ogdensburg"  (14). 
PnxsBURY  Flour  Mills  Ck).,  Minneapolis,  Minn.,  PilUbury's  Durum  (11) ; 
PUlsImry's  (13).  Red  Wing  Milling  Co.,  Red  Wing,  Minn.,  Bixota  (13.5). 
Russell-Miller  Milling  Co.,  Minneapolis,  Minn.,  Russell-Miller  (13). 
Southwestern  Milling  Co.,  Kansas  Citt,  Mo.,  Red  Turkey  (14.5). 
David  Stott  Flour  Mills,  Inc.,  Deztroit,  Mich.,  Bran  and  Screenings 

(14.5);    (11).     Thompson   Milling   Cto.,   Lockport,    N.   Y., 

Angelus  (11).  Washrurn-Crosrt  Co.,  Minneapolis,  Minn.,  Washburn- 
Crosby  (13).  Wichita  Flour  Mills  Co.,  Wichita,  Kan.,  Wheat  Bran  and 
Screenings  (14.5). 

PROTEIN  guaranties  NOT  FULFILLED  OR  UNGUARANTEED 

RvssEiii-MiLLER  Milling  Co.,  Minneapolis,  Minn.,  (guaranty  19, 

analjrsis  17.1).  Bill,  Bell  ft  CJo.,  Ogdensrurg,  N.  Y.,  (guar- 
anty — ,  analysis  15.6). 

WHEAT  OFFALS— MIDDLINGS 

PROTEIN  GUARANTIES  FUUTLLED 

Abbdexn  Mhls,  Arerdeen,  So.  Dak.,  Mulse  Fancy  (15.6).  Bill,  Bell  ft  Co., 
Ogi«R8ruro,  N.  Y.,  Shorts  (16).  Cannon  Valley  Milling  Co.,  Minne- 
apolis, Minn.,  G.  V.  (16).    C.  S.  Christensen  Co.,  Madelia,  Minn.,  Flour 
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(14.25).  Commercial  MnxiNo  Co.,  Dbtboit,  Mich.,  Btandard  White  (13.5). 
Fedebal  Milling  Co.,  Lockpobt,  N.  T.,  Dairy  Maid  (13).    Lawbencebubq 

RoixEB  Mills  CSo.,  Deahbobn,  Ind.,  Golden  BuU  (16);  (15.5). 

Northwestern  Consolidated  Millinq  Ck).,  Minneapolis,  Minn.,  Standard 
(15).  PnxsBURT  Flour  Mills  Co.,  Minneapolis,  Minn.,  PilUhury*»  JL 
(15);  PilUhury'8  B  (14);  PilUhury'a  Btandard  (14);  XX  Daisy  (10). 
Russell-Miller  Milling  Ck>.,  Minneapolis,  Minn.,  Alta  (15).  St.  Albans 
Grain  Co.,  St.  Albans,  Vt.,  Wirthmore  (14.5);   Wirthmore  (14);   War 

Grade   (13).     Slanb  Bros,  ft  Wilson  Co.,  ,  ,,  SnotolHM 

(16.5)  ;0  (16).  Southwestebn  Milling  Co.,  Inc.,  Kansas  Citt,  Mo., 
Wheat  Broton  Bharts,  containing  not  more  than  5%  of  wheat  screeningB 
(15).  Stern  Milling  Co.,  Milwaukee,  Wis.,  Rye  (14).  Datid  Stott 
Flour  Mills,  Inc.,  Detroit,  Mich.,  Pennant  (15).  Thompson  Milung 
Ck>.,  LocKPORT,  N.  T.,  Angelus  (11).  Vallet  Cmr  Milling  Ck>.,  Grand 
Rapids,  Mich.,  Botoena  (16.5).  Voight  Milling  (jO.,  Grand  Rapids,  Mich., 
Crescent  (14).  Wabhbubn-Crosbt  Co.,  Minneapolis,  Minn.,  Arlington 
(14);  Btandard  (14). 

unguabanteed 

Ogdensburg  Roller  Mills  Co.,  Ogdensbubg,  N.  T.,  Germ  (guaranty  — ,  analy- 
sis 17.1) ;  Winter  (guaranty  — ,  analysis  16.4).    ,  White  (guar- 

anty  — ,  analysis  18.4).    ,  Amazon  (guaranty  — ,  analysis  15). 

WHEAT  OFFALS— MIXBD  FBEDS 

protein  guaranties  FUUriLIZD 

E.  W.  Baiu:t  ft  Co.,  Montpelier,  Vt.,  Capital  (14);  Bailey's  Fancy  (16). 
Bnx,  Bell  ft  Co.,  Ogdensbxtro,  N.  Y.,  Wise  King  (15).  Capital  Citt 
Milling  ft  Grain  CJo.,  St.  Paul,  Minn.,  Bt  Paul  Queen  (14.8).  B*ederal 
Milling  Co.,  Lockport,  N.  Y.,  Dairy  Maid  (13).    Hannibal  Milling  Co., 

, .,  Red  Btar  (15.5).    J.  H.  Hewitt,  So.  Rotalton,  Vt.,  Our 

(16).  B.  T.  ft  H.  K.  IDE,  St.  Johnsbubt,  Vt.,  Ideal  (15).  F.  W.  Kellbt 
Col,  St.  Johnsbubt,  Vt.,  Blue  Tag  (15).  National  Milling  Co.,  Toledo, 
Ohio,  Pennant  (13);  Osota  (15).  Niagaba  Faixs  Miujnq  Co.,  Niagara 
Falls,  N.  Y.,  Perfect  (14).  N(»thwestern  Consolidated  Milung  Co., 
Minneapolis,  Minn.,  Planet  (15).  Portland  Milling  Co.,  Portland, 
Mich.,  Champion  (13.56).  Pulsburt  Fdour  Mills  Co.,  Minneapolis, 
Minn.,  Pillsbury's  XX  Daisy  (16);  Pillshury^s  (14).  Quaker  Oats  Co., 
Chicago,  III.,  Buckeye  (15.5).  Russell-Miller  Milling  Co.,  Minne- 
apolis, Minn.,  Occident  (15).  Rotal  Milling  Co.,  Great  Falls,  Mont.. 
Royal  (15).     St.  Albans  Grain  Ck>.,  St.  Albans,  Vt.,  Wirthmore  (15); 

Hygrade  (16).    Stab  ft  Cescent  Milling  O)., , .,  Btar  (15). 

Sheffield-King  Milling  Co.,  Minneapolis,  Minn.,  Gold  Mine  (15). 
Thompson  Milling  Ck>.,  Lockpobt,  N.  Y„  Angelus  (11). 

protein  guabantdss  not  fulfilled  or  unguaranteed 

E.  Crosby  ft  Ck).,  Bbattleboro,  Vt.,  Croshy*s  (guaranty  16,  analysis  15.4). 
A.  H.  McLcx>D  Milling  Co.,  St.  Johnsbuby,  Vt.,  Brooks*  Fancy  (guar- 
anty 16,  analysis  14.8).  Ogdensburg  Roller  Mills  Co.,  Ogdensbubg,  N.  Y., 
Winter  (guaranty  — ,  analysis  16.4). 

WHEAT  OFFALS— RED  DOG  FLOUR 

protein  guaranties  fulfilled 

Eagle  Milling  Co.,  ,  .,  (16).     Duluth-Supebior 

Milling  C5o.,  Duluth,  Minn., (18.5).    St.  Albans  Grain  Co., 

St.  Ai£Ans,  Vt., (15).    Washbubn-Crosby  Milling  Co.,  ICinne- 

APOLis,  Minn.,  Adrain  (18);  Adrain  (16);  (16). 

RYE  OFFALS— BARLEY  PRODUCTS 

PBOTEIN  GUABANTIES  FULFnXED 

Boutwell  Milling  ft  Grain  Co.,  Troy,  N.  Y.,  Rye  Feed  (13.6).  A.  V.  Smith, 
Marcellus  Falls,  N.  Y.,  Barley  Mixed  Feed  (13).  Washbubn-Cbosby 
Co.,  Minneapolis,  Minn.,  Barley  Screenings  (6). 
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GROUND  OATS 

WnxiAM  DoNAHUs  Co.,  Boston,  Mass.  (analysis  12.5).  Bubdiit  Bbos.,  Rut- 
LAHD,  Vt.  (analysis  12.7).  Jesse  Spauldino,  Ludlow,  Vt.  (analysis  12.3). 
Fdllard  Bbob.,  Pboctobsyille,  Vt.  (analysis  11.8).  E.  W.  Bailet  &  Co., 
MoNTP^jUEB,  Vt.  (analysis  11.5). 

CORN  MEAL 

W.  F.  CuNiriKGHAM,  St.  Albans,  Vt.  (analysis  9.2);  (analysis  9.2).  J. 
RosENBAUM,  Chicago,  III.  (analysis  9.2).  E.  W.  Bailet  ft  Co.,  Mont- 
FEUEB,  Vt.  (analysis  9.4);  (analysis  9.2).  Bubditt  Bbos.,  Rutland,  Vt. 
(analysis  8.8).  McCuen  Millino  Co.,  Ogdensbubq,  N.  Y.  (analysis  9.2); 
(analysis  9.4).  St.  Aisans  Gbain  Ck).,  St.  Albans,  Vt.  (analysis  9.2); 
Hygrade  (analysis  9.6);  Roller  Meal  (analysis  9).  Jesse  Sfaulding, 
Ludlow,  Yt.,  (analysis  8.8). 

PROVENDERS 

POLLABD  Bbos.,  Pboctobsvilue,  Vt.  (analysis  10.5).  E.  W.  Bailet  ft  Co., 
Montpeusb,  Vt.    (analysis  11.2). 

HOMINY  FEEDS 

fbotein  ouabantibs  fuutlled 

Amoican  Homint  Co.,  Indianaflis,  Ind.,  Homco  (10);  Homco  (9.5). 
CHABIA3  A.  Kbause  Milling  Ck>.,  Milwaukee,  Wis.,  Yellow  (10).  Quakeb 
Oats  Co.,  Chicago,  III.,  Yellow  (10.5);  Yellow  (10.5);  Yellow  (9). 
Standabd  Cebeal  C^.,  Chillicothe,  Ohio,  Logan  (9).  Baltimobe  PEabl 
Homint  Co.,  Baltimobe,  Md.,  Spring  Orade  (10). 

DRIED  BEET  PULP 

fbotein  guabanties  fulfhxed 

Labbowb  Muxing  Co.,  Dotboit,  Mich., (8) ;  (8) ;  

(8).    Ubioo  Milling  Co.,  Cincinnati,  Ohio,  (8);  (8). 

OAT  OFFALS 

FBOTEIN  GUABANTIES  FULFHJJED 

Akmoub  Gbain  Co.,  Chicago,  III.,  Hulls  (5).  Quakeb  Oats  Co.,  Peteb- 
BOBouvn,  Ont.,  Hulls  (5).    Pubitt  Oats  Co.,  Keokuk,  Iowa,  Feed  (5). 

unguaranteed 
M.  Necllkr  ft  Son,  Dust  (guaranty  — ,  analysis  5.2). 

ALFALFA  MEAL 
fbotein  OUABANTT  FUUrnXBD 

Omaha  Alfalfa  Milling  Co.,  Omaha,  Neb., (12). 

PROPRIETARY  FEEDS— DAIRY 

fbotein  guaranties  fulfilled 

AscAOT  Farms  Milling  Co.,  Chicago,  III.,  Certified  Dairy  Ration  (25); 
Arcady  (16).  Abmoub  Gbain  Co.,  Chicago,  III.,  Armour's  (22).  Bub- 
LDTOTON  Flouring  Co.,  Bubukoton,  Vt.,  Dairy  H  (20).  Caledonia 
CouNTT  Farm  Bureau  Exchange,  Inc.,  St.  Johnsbubt,  Vt.,  Farmers' 
Ideal  Dairy  Ration  (19).  Chafin  ft  Co.,  Hammond,  Ind.,  Triangle  (21); 
Lactola  (16.5).  Cloyeblbaf  Milling  Co.,  Buffalo,  N.  Y.,  Master  Grain 
Ration  (24);  Peerless  Milk  (20);  Cloverleaf  (13.5).  E.  Cbosbt  ft  Co., 
Brattlbbobo,   Vt.,  Crosby's  Ready  Ration    (25);    Crosby's  1918  Dairy 
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Ration  (25).  Elmobe  Manufacturing  Co.,  Oneonta,  N.  Y.,  Elmore  Milk 
Orains  (25).  Intebnational  Sugab  B^eed  Co.,  Minneapolis,  Minn., 
International  Diamond  Dairy  (24);  International  Ready  Ration  (20). 
Labbowe  Milling  Co.,  Detboit,  Mich.,  Big  6  Complete  Dairy  Ration  (21) ; 
Larro  (20).  Mabitime  Tbading  Cobfcaation,  Buffalo,  N.  T.,  Bull  Brand 
Dairy  Ration  (24).  Oswego  Milling  Co.,  Inc.,  Oswego,  N.  Y.,  Uncle 
John's  20%  Cow  Feed  (20).  Pabk  &  Pollabd  Co.,  Boston,  Mass., 
Btevens*  ^  Dairy  Ration  (24).  G.  E.  Patterson  ft  Ck>.,  Memphis,  Tenn., 
Quarto  (24).  Quaker  Oats  (}o.,  Chicago,  III.,  Big  Q  Dairy  RcUion  (21); 
Big  Q  Dairy  Ration  (21).  Richmond  Gbain  Ck).,  Inc.,  Richmond,  Vt., 
Winter  Orain  Ration  (20).  St.  Albans  Gbain  Co.,  St.  Albans,  Vt., 
Wirthmore  Balanced  Ration  (24);  Paragon  Dairy  (22).  Ubiko  Mhxing 
Co.,  Cincinnati,  Ohio,  Union  Grains;  Biles*  Ready  Dairy  Ration  (24); 
Fourex  Dairy  Ration  (20).  Vebmont  Feo)  Co.,  Bublington,  Vt.,  Waum- 
heck  Butter  fat  Meal  (20). 

PBOTEIN  GUABANTIES  NOT  FULFILLED 

Chapin  ft  Co.,  Hammond,  Ind.,  Unicorn  Dairy  Ration  (guaranty  26,  analysis 
25.3).  City  Feed  Co.,  St.  Aiaans,  Vt.,  Farmers*  Favorite  (guaranty  25, 
analysis  24.5).  Clovebleaf  Milling  Co.,  Buffalo,  N.  Y.,  Big  Clover 
Complete  Ration  (guaranty  24,  analysis  23).  Intebnational  Sugab  Feed 
Co.,  Minneapolis,  Minn.,  IntematioTial  Special  (gruaranty  15,  analysis 
14.4).  E.  T.  ft  H.  K.  IDE,  St.  Johnsbubt,  Vt.,  Ideal  Dairy  Ration  (guar- 
anty 24,  analysis  23).  N.  N.  Morse  ft  Sons,  Randolph,  Vt.,  Balanced 
Dairy  Ration  (guaranty  24,  analysis  21.4).  Oswbgo  Milijno  Co.,  Oswbqo, 
N.  Y.,  Beavey  24%  Dairy  Ration  (guaranty  24,  analysis  22.9).  United 
States  Feed  Ck).,  Milwaukee,  Wis.,  Digesto  Dairy  Ration  (guaranty  20, 
analysis  16.4). 

PROPRIETARY  FEEDS— STOCK 

PBOTEIN  GUABANTIES  FULFILLED 

Acme-Evans  Co.,  Indianapous,  Ind.,  Acme  (8.5).  Akbon  Feed  ft  Miujng  Co.. 
Akbon,  Ohio,  Portage  (8.5).  Abmoub  (>bain  Co.,  Chicago,  III.,  Armour's 
(12).  E.  W.  Badlet  ft  Co.,  Montpelieb,  Vt.,  Pennant  (9).  Buffaijo 
Cebeai.  Co.,  Buffalo,  N.  Y.,  IroqtuHs  (10).  E.  Cbosbt  ft  Co.,  Bbattlkbobo, 
Vt.,  Crosby's  (9);  Zenith  (8.5).  Chablbs  M.  C^x  Co.,  Boston,  Mass., 
Charlestock  (6).    D.  H.  Gbandin  Milling  Co.,  Jamestown,  N.  Y.,  Qrandin*s 

(10).    N.  N.  MoBSE  ft  Sons,  Randolph,  Vt., (9).    Pubina  M112.S, 

Buffalo,  N.  Y.,  Purina  O-Molene  (9.7).  Pubitt  Oats  Co.,  Davenpobt, 
Iowa,  loiva  (10);  Iowa  (10).  Quakeb  Oats  Co.,  Chicago,  Iu:^,  Schur 
m/icher  (10);  Schumacher  (10).  St.  Albans  Grain  Co.,  St.  Aiaans,  Vt., 
Wirthmore  (9). 

PBOTEIN  GUABANTIES  NOT  FULFILLED 

F.  D.  Lapelle,  Swanton,  Vt.,  (guaranty  9,  analysis  8.8).     David 

Stott  Floub  Mills,  Inc.,  Detboit,  Mich.,  8tott*s  Winner  Chop  (guaranty 
10,  analysis  9.7). 

PROPRIETARY  FEEDS— CALF 

PBOTEIN  GUABANTIES  FULFILLED 

Blatchfobd's  Calf  Meal  Factoby,  Waukbgan,  III.  (24);  Milk  Mash  (20). 
QuAKEB  Oats  Co.,  Chicago,  Iix.,  Schumacher  (18). 

PBOTEIN  GUABANTIES  NOT  FULFILLED 

Clovebleaf  Milling  Co.,  Buffalo,  N.  Y.,  Cloverleaf  (guaranty  25,  analyaia 
23.9).  Ryde  ft  C^.,  Chicago,  III.,  Ryde's  Cream  (guaranty  25,  analysis 
24.4). 
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PROPRIETARY  FEEDS— SWINE 

PROTEIN  OUABANTIES  FUUUJJa) 

Chapin  ft  Co.,  Hammond,  Ind.,  Bicom  Hog  Feed  (17.5).  Park  &  Pollabd  CJo., 
Boston,  Mass.,  Go-Tuit  Hog  Ration  (15).  St.  Albans  Grain  Co.,  St. 
Albans,  Vt.,  Wirthm/ore  Fig  Feed  (18);  Wirthmore  Hog  Feed  (17); 
Wirthmore  Hog  Feed  (17). 

protein  guaranty  not  fulfilled 
N.  N.  Morse  ft  Sons,  Randolph,  Vt.,  Pig  Feed  (guaranty  18,  analysis  16.7). 

PROPRIETARY  FEEDS— POULTRY— MASHES 

protein  guaranties  FUUriLUSD 

B.  CsosBT  ft  Ck).,  Brattleboro,  Vt.,  Egg  (16).  F.  D.  Lapellb,  S wanton,  Vt., 
Egg  Producing  (12).  A.  H.  McI^d  Milling  Co.,  St.  Johnsburt,  Vt., 
Oreen  Mountain  (19).  Park  ft  Pollard  Ck).,  Boston,  Mass.,  Lay  or  Bust 
Dry  (18).  Quaker  Oats  CJo.,  Chicago,  III.,  Full-0-Pep  Dry  (20);  FulU)- 
Pep  Qrotoing  (17).  St.  Albans  Grain  CJo.,  St.  Aiaans,  Vt.,  Wirthmore 
with  Milk  Albumen  (20);  Wirthmore  with  Milk  Album^en  (20);  Wirth- 
more with  Milk  Albumen  (20) ;  Egg  (16). 

protein  guaranty  not  FULFILI£D 

D.  H.  Grandin  MnxiNo  Co.,  Jamestown,  N.  Y.,  Qrandin'B  Dry  (guaranty  20, 

analysis  19.5). 

PROPRIETARY  FEED^— POULTRY— SCRATCH  FEEDS 

protein  guaranties  fulfilled 

E.  Cbosbt  ft  €k>.,  Brattleboro,  Vt.,  Crosby* 8  (10.5).    D.  H.  Grandin  ft  Co., 

Jamestown,  N.  Y.,  Qrandin^s  (10).  E.  T.  ft  H.  K.  Ide,  St.  Johnsburt,  Vt., 
Ideal  (10).  Park  ft  Pollard  Ck).,  Boston,  Mass.,  Red  Ribbon  (10);  Blue 
Ribbon  (10).  Purina  Mills,  Buffalo,  N.  Y.,  Purina  (10).  Puritt  Oats 
Co.,  Davenport,  Iowa,  Tomboy  (10).  Quakes  Oats  Co.,  Chicago,  III., 
Ful-O-Pep  (10);  Bchumacher  (10).  St.  Albans  Grain  Co.,  St.  Albans, 
Vt.,  Wirthmore  (11). 

unguaranteed 
McCuEN  Miixing  Co.,  Chicago,  III.,  Red  Feather  (guaranty  — ,  analysis  10.9). 

PROPRIETARY  FEEDS— POULTRY— CHICK 
protein  guaranties  fulfilled 

E.  Cbobbt  a  Co.,  Brattleboro,  Vt.,  Crosby's  (10).  Purina  Mills,  Buffalo, 
N.  Y.,  Purina  (10).  Park  ft  Pollard  Co.,  Boston,  Mass.,  Baby  Buster 
(11);  Growing  (10);  Red  Ribbon  (10).  Purity  Oats  C6.,  Davenport, 
Iowa,  Tomboy  (10).  Quaker  Oats  (To.,  Chicago,  III.,  Ful-O-Pep  Little 
Chick  (14);  Ful-0'Pep  Chick  (14);  Bchumacher  (10).  St.  Axbans 
Grain  Co.,  St.  Albans,  Vt.,  Wirthmore  Buttermilk  Baby  Chick  (13.5); 
Wirthmore  Gritless  Chick  (11). 

PROPRIETARY  FEEDS— POULTRY— MISCELLANEOUS 

protein  guaranties  fulfilled 

Abcadt  Fabhb  Milling  Co.,  Chicago,  III.,  Arcady  Poultry  (9).  Burlington 
Rendering  Co.,  Burlington,  Vt.,  Burlington  Poultry  (44).  Park  ft 
Pdluuu)  Co.,  Boston,  Mass.,  Growing  (10).  St.  Albans  Grain  Co.,  St. 
Albans,  Vt.,  Wirthmore  Growing  Feed  with  Milk  Albumen  and  Scraps 
(15). 
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Discussion  of  the  Results  of  Inspection 

Samples  were  taken  representing  37  brands  of  the  high  protein 
by-products  (cottonseed  and  linseed  meals,  gluten  feeds,  brewers'  dried 
grains,  peanut  feeds),  39  brands  of  low  protein  products  other  than 
wheat  offals  (hominy  feed,  dried  beet  pulp,  provenders,  corn  meals, 
ground  oats,  barley  and  rye  products,  etc.),  96  brands  of  wheat  oflFals 
(brans,  middlings,  mixed  feeds,  red  dog  flour)  and  103  brands  of 
proprietary  brands  (ready  mixed  rations  for  dairy  cows,  horses, 
poultry,  calves,  swine  and  stock  in  general). 


o 

19 


NO 


Is 


I 


a 


9 


d 


Ck)ttonBeed  meals 12 

Cottonseed  feed 1 

Linseed  meals 12 

Gluten  feeds 5 

Brewers'  dried  grains 4 

Peanut  feed 1 

Cocoanut  meal 1 

Velvet  bean  meal 1 

Wheat  offals 96 

Wheat  brans 32 

Wheat  middlings 31 

Wheat  mixed  feeds 27 

Red  dog  flours 6 

Hominy  feeds 8 

Dried  beet  pulp 5 

Miscellaneous 26 

Provender 2 

Corn  meal 11 

Ground  oats 5 

Rye  and  barley  products  3 

Alfalfa  meal 1 

Oat  feeds 4 

Proprietary  feeds 103 

Dairy 38 

Stock 17 

Swine. 6 

Poultry 37 

Calf 5 

Mashes '  11 

Scratch  feeds 11 

Chick  feeds 11 

General 4 

Totals 275 


43     to  36 

43     to  34 

2 

0 

20.56 

35 

0 

0 

34     to  30 

35.5  to  30.3 

5 

0 

23     to  20 

28     to  24.1 

0 

0 

27.2  to  16 

27.2  to  16 

0 

0 

30 

36.4 

0 

0 

20 

22.4 

0 

0 

17 

17.5 

0 

0 

19     to  11 

18.4  to  14.3 

3 

6 

19     to  11 

17.3  to  14.3 

1 

1 

16.5  to  11 

18.4  to  15.6 

0 

4 

16.5  to  11 

18.4  to  14.9 

2 

1 

18.5  to  15 

18.4  to  16.2 

0 

0 

10.5  to    9 

11.4  to  10.3 

0 

0 

8 

9.4  to    8.4 

0 

0 

•  • 

16.3  to    5.2 

•  • 

•  • 

•  • 

11.2  to  10.5 

•  • 

•  • 

•  • 

9.6  to    8.8 

•  • 

•  • 

•  • 

12.7  to  11.8 

•  • 

•    m 

13.5  to    6 

16.3  to    9.4 

0 

0 

12 

15.8 

0 

0 

5 

7     to    5.2 

0 

1 

40     to    9 

47.8  to    8.6 

14 

2 

26     to  13.5 

29.8  to  14.7 

8 

0 

12     to    6 

13.1  to    8.6 

2 

0 

18     to  15 

20.2  to  16.7 

1 

0 

40     to    9 

47.8  to  10.3 

1 

2 

25     to  18 

25.9  to  18.4 

2 

0 

20     to  16 

27.4  to  19 

1 

0 

11     to    9 

12.1  to  10.3 

0 

2 

14     to  10 

15.8  to  10.8 

0 

0 

40     to    9 

47.8  to  10.9 

0 

0 

40     to    5 

47.8  to    5.2 
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The  outcome  is  not  materially  unlike  that  observed  in  former 
years;  indeed  it  is  distinctly  better  than  has  been  sometimes  noted. 
Only  five  brands  out  of  nearly  300  submitted  to  analysis  showed 
deficiencies  that  can  be  regarded  as  serious.  One  lot  of  cottonseed 
meal  (Farmers'  Cotton  Oil  &  Trading  Co.,  Huntsville,  Ala.)  contains 
only  95%  as  much  protein  as  it  was  guaranteed  to  contain ;  two  lots  of 
linseed  meal  (Archer  &  Daniels  Linseed  Co.,  Spencer  Kellogg  &  Sons, 
Inc.,  both  of  BuflFalo,  N.  Y.)  contained,  respectively,  only  93%  and 
92%  as  much  protein  as  they  were  guaranteed  to  contain ;  while  two 
proprietary  feeds,  namely  the  Balanced  Dairy  Ration  sold  by  N.  N. 
Morse  &  Sons,  of  Randolph,  Vt.,  and  the  Digesto  Dairy  Ration  sold  by 
the  United  States  Feed  Co.,  of  Milwaukee,  Wis.,  contained,  respective- 
ly, only  89%  and  82%  as  much  protein  as  they  were  guaranteed  to 
carry. 

AGRICULTURAL  SEED  INSPECTION 

The  Station  sampling  agents  visited  about  40  Vermont  cities, 
towns  and  villages  during  June,  1920,  and  gathered  254  samples  of 
agricultural  seed  offered  for  sale  in  the  open  markets  by  local  dealers 
culture. 


Alfalfa 6  Timothy 32      Rape 4 

Barley 17  Blue  grass 1     Rye   3 

CloYer,  alsike 23  Buckwheat 6     Soy  beans 3 

Clover,  red 29  Clover,  white 1      Sweet  clover 3 

Corn 53  Orchard  grass 4      Sudan  grass 1 

MUlet 29  Peas,  field 9     Wheat 1 

Oats 6 

Redtop 23 


These  samples  were  drawn  in  the  official  manner.  Purity  tests 
were  made  by  the  weight  method  and  the  germination  tests  were  made 
according  to  the  method  employed  by  the  Federal  Department  of  Agri- 
as  follows : 

The  notations  in  parenthesis,  i.  e.  (14),  refer  to  the  comments  on 
pages  —  to  —  under  the  head  "Concerning  Deficiencies." 
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Purity       Germination     Weed  seeds 
Trade  name  Wholesaler  guaranty         percent  per  lb. 


ALFALFA 

IXL CJonklln    99.6  84  1980 

Dickinson   98.2  58  630 

Monadnock  Holbrook 99  66  900 

Honor Standard  98  79  3420 

Eureka Whlt-Eck 99.5  89  630 

Ace ?         98.9  (1)  (2)  23  2970 

BARLEY 

Six-row  Bailey  98  73  — 

Bailey  96.5  85  — 

Bailey 97.8  (1)  80  150 

Bailey 98  87  15 

101949 Bailey 95  70  — 

Six-row  Bailey 97.5               100  — 

. Breck   97  69  15 

Oderbrucker  Conklin   98  96  — 

Two-row Conklin   97.35  99  — 

Oderbrucker  Conklin   07.04  (3)        92  30 

Dickinson   99.2  (1)  55  — 

101980 Dickinson   97.5  (4)  98  — 

101993 Dickinson   94  68  — 

Lapelle  98  (5)  91  — 

Morehouse    99(6)  79  — 

7383 Stanford 90  83  60 

Sweat-Comings  . . .  99.6i  89  — 

ALSIKE  CLOVER 


Bailey  94.5  77  3150 

Pine  Tree Bailey 90.55  81  7200 

Ace Bailey  90.55  88  6300 

Imperial Conklin    98.1  47  2025 

Conklin    95  81  5625 

Dickinson   95.5  (1)  87  2025 

Ace Dickinson    94.5  69  9000 

Dickinson   97  (7)  84  225 

86707 Dickinson   90  65  2475 

Freedom Doughton 96.5  (8)  77  7200 

White  Mountain Holbrook 98(9)  80  1350 

Ace Holbrook 95  (10)  92  4050 

XX Holbrook 84   (11)  74  7425 

Pine  Tree Holbrook 96.25  (1)  98  1125 

Milwaukee    99(12)  75  27450 

Morehouse  99.95  96  675 

Nung.-Dick 96.5  (1)  78  2475 

Arc «... .Stanford 95  (13)  77  1350 

Arc Stanford 97  (14)  73  9900 

9575 Stanford 94   (15)  70  7425 

Whit-Eck 97.5  (1)  88  450 

Eureka Whit.-Eck 96.5  (1)  65  3325 

Ace  D ?         94(16)  81  900 

RED  CLOVER 

Bailey  97.5  89  3960 

Bailey "98  (17)  81  2070 

Breck  98  (18)  80  2610 

Crown Conklin    99.35  81  720 

Ace  124165 C?rdV.-Dick 96.7  46  5040 
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Trade  name 


Wholesaler 


Purity      Germination 
guaranty        percent 


Weed  seeds 
per  lb. 


Dibble 


Globe Dickinson  

Pine  Tree Dickinson  

Pine  Tree Dickinson   

' Dickinson  

N.  N.  Y Dickinson  

73534 Dickinson   

Ace  A Doughton 99 

White  Mountain Holbrook 

■ Holbrook 

XXX Holbrook 

XX Holbrook 

Pine  Tree HoU.-Hurl 

Mammoth Lapelle  

Milwaukee    

Morehouse    


Nilng.-Dick 98 


Honor Stanford  . . 

73464  Stanford  ., 

Ace Varrick    . . 

Ace Varrick    . . 

Eureka Whit.-Bck. 

Enreka Whit.-Eck. 

Pan-American Whit.-Eck. 


CORN 


Longfellow 

Pride  of  the  North 

Liongtellow 

Sanford  White  Flint... 

Learning 

Sanford   

Early  Crosby 

ESarly  Sanford 

ESarly  Sanford 

SaTif ord   

Sheffield  Flint 

Canada  Flint 

Pride  of  Nishua 

Sanford    

Burlington  Dent 

ESarly  8-row  Canada. . . . 

Early  Wonder 

Pyramid  Yellow  Flint. 

Pride  of  the  North 

Eureka 

Bariy  Wondei* 


Liongfellow 


N.  Y.  Flint 

Wliite  Flint 

Pride  of  the  North, 


Smutnose 

Sheffield  

Pride  of  Nishua 

Canada  Flint 

Eureka 

^Contained  dodder. 


Bailey 

Bailey 

Bailey 

Bailey 

Bailey  .... 

Bailey 

Breck  .... 
Breck  .... 
Breck  .... 

Breck 

Clark   

Clark    

Champlain 
Champlain 
Champlain 
Champlain 
Conklin  .. 
Conklin  .. 
Conklin  .. 
Conklin  .. 
Conklin  .. 
Conklin  .. 
Conklin  .. 
Crav.-Dick. 
Dibble  .... 
Dibble  .... 
Dibble  .... 
Dickinson 
Dickinson 
Eberling  .. 
Elmerson  . 
Gunson  . . . 
Holbrook  . 
Holbrook  . 


99.7 

84 

99.6 

89 

98.5 

90 

98.3 

86 

97.8  (19) 

82 

98.5  (20) 

86 

89.2  (21) 

86 

99 

94 

99.5 

90 

99.2 

0 

96  (22) 

3 

95  (23) 

76 

99.76 

93 

99 

93 

99  (24) 

78 

99.5  (25) 

96 

98   (1) 

94 

98 

84 

97  (26) 

85 

99 

56 

98 

68 

99.5 

90 

99 

67 

98 

66 

95 

74 

97.8 

90 

99 

89 

99  (27) 

70 

99.8  (28) 

73 

95 

73 

97 

54 

98 

73 

98 

73 

97 

44 

100 

86 

90 

86 

95 

76 

92 

91 

95 

45 

92 

71 

95.5 

62 

99 

75 

99.66 

59 

99 

99 

99.2  (29) 

96 

99.5  (30) 

•60 

99.12  (31) 

72 

99 

77 

99 

87 

98.7 

86 

98.6 

68 

99 

84 

99.8  (32) 

75 

98.18 

76 

99.7 

88 

94 

89 

99.66 

42 

100 

58 

450 
720 
1350 
3240 
3090 
4950 
10530* 

270 

180 

4140 

8370 

720 

630 

18810 

630 

1890 

360 

8190 

2880 

1980 

360 

720 

1170 
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Trade  name 


Wholesaler 


Purity       Germination    Weed  seeds 
guaranty        percent  per  lb. 


Ijureka 

Pride  of  Nlshua. . . 
Minnesota  King... 
Eight-row  Flint.. 

West  Branch 

Lfoaming 

Sanf ord   

Red  Cob 

Vermont  Dent.... 

Eureka 

7484  

7285  

7396  

391  

7463   

Learning 

Piide  of  the  North 


New  Blood  Butcher. . . . 


.Lapelle  100 

Michigan 94 

.Morehouse 

.Page   

Page 

Page  

.Rice 

.Rice 

Rice 

Rice 

.Stanford 

Stanford 

.Stanford 

Stanford  

Stanford 

.Whit.-Bck 

Whit-Eck 

,Whit.-Eck 

Whit-Eck 


MILLET 


Hungarian Bailey 

Japane&e Bailey  .. . . . 

1 — Bailey 

Hungarian Bailey 

Japarese Breck  

Japanese Breck  

Hungarian Conklin   ... 

Japanese Gdnklin   . . . 

Japanese Oonklin   . . . 

Liberty Conklin   ... 

Hungarian  80302 Dickinson   . 

German Dickinson  . 

Hungarian Dickinson   . 

Hungarian  80295 Dickinson   . 

Hungarian Dickinson   . 

Hungarian Ddckinson   . 

Golden    Dickinson   . 

Japanese  48733 Dickinson   . 

Hungarian Holbrook  .. 

Japanese Holbrook  . . 

Japanese Nung.-DIck. 

German Stanford  ... 

Japane&e Stanford  .. . 

Japanese Stanford  . . . 

Hungarian Stanford  .. . 

Japanese Stanford  .. . 

Hungarian Whit-Eck. 

Hungarian 


Japanese Whit-Eck. 


OATS 


Pennant  Bailey  — 

Northern  Wonder Conklin   .. 

Extra    B^ncy    White 

Mountoin  Holbrook  . 

White  Mountain Holbrook  . 

Marsh Marsh 

-_, St.  Albans. 


100 

92 

94 

60 

98 

64 

100 

77 

100 

i4 

97 

85 

100 

40 

994s 

68 

90 

68 

99.2 

88 

95 

86 

95 

85 

95 

72 

95 

77 

95 

85 

98   . 

25 

98   • 

85 

98 

8 

90 

94 

85 

88 

99.6 

54 

94 

60 

98.5 

70 

98.7 

85 

98 

37 

97.8 

47 

99.75 

77 

97.2 

78 

98.7 

68 

98.2 

42 

99.75 

23 

99.22 

59 

99.6 

86 

98.7 

79 

98 

66 

99   (1) 

61 

99 

27 

97 

65 

97 

48 

84 

53 

98.2   (1) 

16 

98 

41 

95 

4 

96 

55 

91 

44 

95.89 

52 

97 

56 

97 

28 

97 

65 

99.5  (33) 

88 

98.8  (34) 

81 

99 

94 

99 

82 

99.99  (35) 

84 

99.27   (1) 

99 

180 
720 
630 
180 
195 

630 

720 

3960 

720 

270 

1620 

990 

810 

1620 

810 

2340 

2140 

1710 

1170 

1170 

1620 

6030 

1710 

1620 

1260 

6840 


15 


15 
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Trade  name 


Wholesaler 


Purity      Oermlnation    Weed  seeds 
guaranty        percent  per  lb. 


RED  TOP 

Ace Bailey 92 

Ace Bailey 90 

Bailey 90 

Imperial Oonklin   93 

Fancy  Imperial Conklin   89. 

Conklin   85 

Dickinson  92 

....  83 

....  90 

...  95 

....  95 

....  90 

....  90 

....  80 

...  80 

....  90 

....  90 

....  85 

....  94 

....  90 

...  92 

....  80 

...  90 


Fancy Dickinson 

Ace Dickinson   . . 

White  MounUin Holbrook  . . . 

^Tiite  Mountain Holbrook  . . 

XXX Holbrook  . , 

Ace Holbrook  . . 

XX Holbrook  . . 

XX Holbrook  . . . 

Eureka Middlebrook 

■ ' Middlebrook 

' Stanford  .. . 

- — • Whit.-Bck.   . 

Pan-American Whit.-Eck.  . 

Eureka Whit.-Eck.  .. 

XX Whit.-Eck.   . 

Ace 


(36) 
(37) 

36 

5  (1) 

(38) 
(39) 


(40) 
(1) 


TIMOTHY 


Pine  Tree, Bailey 

Pine  Tree Bailey  

Pine  Tree Bailey 

Pine  Tree Barb.-Benn. 

Acme Conklin   . . 

Bingo   ;.. Conklin  .. 

Dibble's   Best Dibble 

Globe Dickinson 

Pine  Tree Dickinson 

Pine  Tree Dickinson 

Hne  Tree Dickinson 


Bailey 99.6 


(41) 
(42) 


99.5 
99.6 
99.6 
99.5 
99.8 

99.95  (43) 
99.7   (44) 
99.5  (1) 
99.5   (45) 
99  (1) 
99.5  (46) 

Dickincon  99.6  (47) 

98.35 
98.2  (48) 
98 

99.85  (49) 
99.85  (50) 


64982  Dickinson 

65233  Dickinson 

XX , Holbrook 

White  Mountain Holbrook 

Extra  Fancy Holbrook 

■ Holbrook 98 

Pine  Tree  65219 Holbrook 99.6 

Freedom Middlebrook 99.5 

— Morehouse    99 

Pine  Tree Nung.-Dick 99.5 

Stanford 99.5 


(51) 


Liberty  9643 Stanford 

■ Stanford  .. 

Durham  Varick  ... 

Pan-American WTiit.-Eck. 

Pan-American Whit.-Bck. 

Gold  Medal Whit.-Eck. 

Gold  Medal Whit-Eck. 

Pan-American Whit.-Eck. 


99.5 

99.5 

99 

99.5 

98 

99.7 

99.55 

89.5 


(52) 
(53) 

(54) 


11 
33 
41 
10 
12 
13 

1 

10 
21 
33 
15 
22 
24 

4 

4 
43 

8 

35 
14 
24 
45 
24 
17 


61 
61 
18 
40 
43 
66 
62 
72 
52 
72 
31 
63 
50 
61 
55 
53 
34 
34 
66 
12 
25 
28 
66 
61 
51 
25 
71 
78 
20 
4 
4 
80 


4950  (A) 
46800  (A) 
94950  (B) 

4050 
17550 
59400 

9450  (A) 
67950(C) 
30150(B) 
18900  (A) 
27450  (A) 

2250 
45550 
177750 
175500  (D) 
32850 
18450(E) 
187200  (P) 
29700 
46900 

5850 

103950 

25650 


225 


675 
450 
225 

450 

675 

450  (A) 
225  (A) 
450  (A) 

2925(A) 

2250  (A) 

3825 
450 
226 

4725 
-(A) 


450 

225 
225 
225 

1575 
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Trade  name 


Wholesaler 


Purity       Germination 
guaranty        percent 


Weed  8ee<i8 
per  lb. 


.Bailey 94 


MISCELLANEOUS 

Buckwheat  (Japanese)  .Gonklln   98.9 

Buckwheat  (Japanese)  .Gonklln    98 

Buckwheat    Holbrook  . 

Buckwheat    Whit.-Eck. 

Buckwheat    Whit.-Eck. 

India  Wheat McLeod   .. 

Blue  Grass Dickinson 

Orchard  Grass 

Orchard  Grass Dickinson 

Orchard  Grass Dickinson 

Orchard  Grass Dickinson 

Canada  Peas Bailey  

Canada  Peas Dickinson 

Canada  Peas Dickinson 

Canada  Peas Dickinson 

Canada  Peas Holbrook  . 

Canada  Peas Holbrook  . 

Canada  Peas Whit.-Eck. 

Canada  Peas Whit-Bck. 

Canada  Peas 


Rape  Dickinson 

Rape  Stanford  . . 

Rape  Stanford  . . 

Rape Whlt.-Eck. 

Rye  (Winter) Bailey  .. . . 

Rye  101926 Dickinson 

Rye  (Spring) Whit.-Eck. 

White  Sweet  Clover Conklin   . . 

White  Sweet  Clover Dickincon 

White  Sweet  Clover Holbrook  . 

Soy  Beans Bailey 

Soy  Beans Breck  

Soy  Beans 


Sudan  Grass Dough  ton 

Wheat Bailey  ... 

White  Clover Dickinson 


98.9 

72 

60 

98 

76 

30 

98.5 

73 

— 

98 

60 

630 

98  (55) 

80 

690 

97.67   (1) 

92 

150 

82.5   (1) 

4 

22500 

94   (1) 

10 

1125 

78 

4 

900 

8S.5   (1) 

13 

225 

88.7  (56) 

10 

7425 

98 

97 

99.4   (2) 

23 

98.9  (2) 

76 

— 

99.76 

18 

— 

97,16   (2) 

56 

— 

99.2   (28) 

98 

— 

98 

4 

— 

98 

74 

— 

98.3 

91 

— 

99 

95 

99 

89 

98.94 

36 

98 

93 

— 

98  (57) 

11 

195 

99.5 

98 

— 

98  (58) 

17 

45 

99.6 

• 

— 

98.38 

62 

9630 

97  (59) 

77 

2520 

98.6   (52) 

2 

18 

94.56   (52) 

57 

— 

100   (2) 

0 

— 

93.8   (1) 

29 

180 

98 

59 

30 

91.15 

39 

4500 

Several  samples  of  red  top  and  timothy  showed  ergot. 

Concerning  Defiencies 

(1)  Local  seed  merchants  are  notoriously  careless  in  the  matter 
of  preserving  guaranty  tags.  The  law  is  mandatory  but  thoroughly 
ineffective  in  respect  to  guaranty  displayal  (see  bulletin  205,  pp.  12-13). 
The  lack  of  guaranty  statement  in  connection  with  the  record  against 
which  the  notation  (1)  occurs  should  not  be  construed  as  indicating  a 
belief  that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by 
law,  for  as  a  matter  of  fact  it  has  been  developed  in  previous  inspection 
that  most  of  the  seed  men  whose  names  are  thus  indicated  have  been 
very  scrupulous  in  this  respect.     It  means  simply  that  the  sampling 
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agents  noted  no  such  guaranties  attached  to  the  packages  from  which 
samples  were  drawn.  The  actual  contents  of  pure  seed  found  in  each 
case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 

(2)     No  guaranties  needed. 

(3  to  59  inclusive)  Guaranties  not  maintained  in  any  instance, 
the  figures  being  as  indicated,  the  first  figure  indicating  guaranty,  the 
second,  performance.  (3)  97.04-96.3.  (4)  97.5-96.04.  (5)  98- 
92.8.  (6)  99-96.5.  (7)  97-94.25.  (8)  96.5-93.  (9)  98-97. 
(10)  95-93.  (11)  84-83.  (12)  99-75.  (lU)  95-94.5  (14)  97- 
93.5.  (15)  94-92.15.  (16)  94-93.5.  (17)  98-97.6.  (18)  98-97.4. 
(19)  97.8-96.6.  (20)  98.5-95.2.  (21)  89.2-80.6.  (22)  96-92.6. 
(23)  95-91.4.  (24)  99-90.  (25)  99.5-99.  (26)  97-96.36.  (27) 
99^98.56.  (28)  99.8-97.9.  (29)  99.2-98.2.  C30)  99.5-97.7.  (31) 
99.12-97.3.  (32)  99.8-99.  (33)  99.5-99.  (34)  98.8-98.4.  (35) 
99.99-99.27.  (36)  90-89.  (37)  90-87.  (38)  92-91.5.  (39)  90^. 
(40)  92^.  (41)  99.6-99.  (42)  99.6-98.75.  (43)  99.95-97.25. 
(44)  99.7-99.  (45)  99.5-99.  (46)  99.5-99.  (47)  99.6-99. 
(48)  99.2-97.  (49)  99.85-99.  (50)  99.85-98.5.  (51)  99.6-98. 
(52)  99.5-99.  (53)  99.5-97.5.  (54)  99.5-99.  (55)  98-97.33. 
(56)    88.7-75.5.      (57)    98-95.      (58)    98-92.47.      (59)    97-95.6 

Discussion  of  the  Results  of  Inspection 

The  violations  of  the  law  consist  of : 

(1)  Failure  to  declare  guaranties.  This  amounts  to  practical 
nullification,  in  so  far  as  information  touching  guaranteed  purity  is  con- 
cerned, supplied  to  the  purchaser  of  the  usual  amounts  from  broken 
packages.  The  writer  has  no  means  of  knowing  with  certainty  but 
has  every  reason  to  believe  that  local  merchants,  as  a  rule,  fail  to  affix 
"a  plainly  written  or  printed  statement,"  "conspicuously"  to  "every  lot 
or  parcel  of  agricultural  seed  of  five  pounds  or  over  sold  for  seeding 
purposes"  "clearly  and  truly  certifying  the  namer  thereof  and  its 
minimum  percentage  of  purity,  "  etc. 

About  14  percent  of  the  lots  sampled  by  the  station's  agents  bore 
no  visible  statement  as  to  the  purity  of  their  contents.  Almost  invar- 
iably this  information  is  furnished  by  the  wholesaler,  but  very  common- 
ly the  retailer  pays  no  attention  to  and  destroys  it. 

(2)  Failure  to  maintain  quantities.  Twenty-two  percent  of  the 
goods  which  were  gfuaranteed  were  found  to  be  deficient  and  seven  per- 
cent were  seriously  deficient.    Especial  attention  is  called  to  these  cases. 
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It  is  not  to  be  wondered  that  there  are  several  lapses  in  view  of  the 
extremely  tenuous  protection  afforded  by  the  Vermont  law,  which  is 
about  as  toothless  as  it  well  can  be. 

Barley.  Lapelle  Poultry  Food  Co.,  Swanton,  Vt.  Guaranteed 
98%  pure,  actually  92.8%  pure.  Contained  more  than  7%  foreign 
seed,  mainly  oats,  wheat  and  wild  oats. 

Barley.  W.  H.  Morehouse  Co.,  Toledo,  Ohio.  Guaranteed  99% 
pure,  actually  96.5%  pure.  Contained  2.2%  foreign  seeds,  mostly  oats 
and  wheat,  and  1,3%  inert  matter. 

Alsike  Clover.  Albert  Dickinson  Co.,  Chicago,  111.  Guaranteed 
97%  pure,  actually  94.25%  pure.  Contained  4.8%  foreign  seed,  mostly 
timothy  and  white  clover,  and  1%  inert  matter. 

Alsike  Clover.  H.  W.  Doughton,  Inc.,  New  York,  N.  Y.  Guar- 
anteed 96.5%  pure,  actually  93%  pure.  Contained  6%  foreign  seed, 
mostly  timothy  and  white  clover,  7,200  weed  seed  per  pound,  and 
1%  inert  matter. 

Alsike  Clover.  Milwaukee  Seed  Co.,  Milwaukee,  Wis.  Guar- 
anteed 99%  pure,  actually  75%  pure.  Contained  32.5%  foreign  seed, 
timothy,  white  and  red  clovers  predominating,  27,450  weed  seed  per 
pound — 18  varieties  being  found,  with  sheep  sorrel,  catchfly,  black 
medick  making  up  two-thirds  of  the  lot  by  number — ^and  2.5%  inert 
matter. 

Alsike  Clover.  Arc  Brand.  Stanford  Seed  Co.,  Buffalo,  N.  Y. 
Guaranteed  97%  pure,  actually  93.5%  pure.  Contained  6%  foreign 
seed,  mostly  timothy  and  white  clover,  and  9,900  weed  seed  per 
pound,  mostly  catchfly. 

Red  Clover.  N.  N.  Y.  Brand.  Albert  Dickinson  Co.,  Chicago, 
111.  Guaranteed  98.5%  pure,  actually  95.2%  pure.  Contained  3.4% 
foreign  seed,  mostly  alfalfa  and  weed  seed,  comprising  16  varieties, 
mostly  yellow  foxtail,  pigweed,  wild  carrot  and  the  narrow  leaved 
plantain,  and  1.4%  inert  matter. 

Red  Clover  73534.  Albert  Dickinson  &  Co.,  Chicago,  111.  Guar- 
anteed to  contain  89.2%  clover,  and  4.2%  alfalfa;  actually  contained 
80.6  and  6.4  percents.  Contained  10%  of  other  foreign  seed,  including 
10,530  weed  seed  per  pound,  mostly  yellow  foxtail  and  narrow  leaved 
plantain,  and  3%  inert  matter. 

Red  Clover.  XXX  Brand.  Holbrook  Grocery  Co.,  Burlington, 
Vt.  Guaranteed  96%  pure,  actually  92.6%  pure.  Contained  4% 
foreign  seed,  mostly  alsike,  timothy  and  yellow  foxtail,  4,140  weed 
seed  per  pound,  and  3.4%  inert  matter. 
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Red  Clover,  XX  Brand,  Holbrook  Grocery  Co.,  Burlington,  Vt. 
Guaranteed  95%  pure,  actually  91.4%  pure.  Contained  5%  foreign 
seed,  including  8,370  weed  seed  per  pound,  the  foreign  seed  con- 
sisting in  the  main  of  timothy,  alsike  clover,  yellow  foxtail,  two  forms 
of  plantain  and  ragweed,  and  3.6%  inert  matter. 

Red  Clover.  Milwaukee  Seed  Co.,  Milwaukee,  Wis.  Guaran- 
teed 99%  pure,  actually  90%  pure.  Contained  7%  foreign  seed,  in- 
cluding 18,810  weed  seed  per  pound,  the  foreign  seed  consisting  in  the 
main  of  timothy,  alsike  and  white  clovers,  small  crab-grass,  pigweed, 
yellow  foxtail,  sweet  clover,  and  two  forms  of  plantain,  and  3%  inert 
matter. 

Red  Top.  E.  W.  Bailey  &  Co.,  Montpelier,  Vt.  Guaranteed  90% 
pure,  actually  87%  pure.  Contained  10%  inert  matter,  and  3% 
foreign  seed,  mostly  timothy,  potentilla,  yarrow  and  carex. 

Red  Top.  Eureka  Brand.  Whitney-Eckstein  Co.,  Buffalo,  N.  Y. 
Guaranteed  92%  pure,  actually  88%  pure.  Contained  11%  inert 
matter. 

Timothy.  Bingo  Brand.  E.  W.  Conklin  Co.,  Binghamton,  N.  Y. 
Guaranteed  99.5%  pure,  actually  97.25%  pure.  Contained  2.5%  for- 
eign seed,  mostly  red  clover. 

Orchard  Grass.  Albert  Dickinson  Co.,  Chicago,  111.  Guaranteed 
S&7%  pure,  actually  75.5%  pure.  Contained  22%  inert  matter,  and 
2.5%  foreign  seed,  mostly  cheat.    Germination  nil. 

Winter  Rye.  E.  W.  Bailey  &  Co.,  Montpelier,  Vt.  Guaranteed 
98%  pure,  actually  95%  pure.  Contained  3.7%  inert  matter,  mostly 
broken  seed,  and  1.3%  foreign  seed,  mostly  wheat,  barley  and  dock. 
Germination  11%. 

Spring  Rye.  Whitney-Eckstein  Co.,  Buffalo,  N.  Y.  Guaranteed 
98%  pure,  actually  92.47%  pure.     Contained  6.7%  inert  matter. 


Concerning  Viability 

The  Vermont  law  does  not  require  a  seller  to  state  the  viability 
of  his  goods.  Such  a  statement  is  required  by  the  law  in  our  sister 
state  of  New  Hampshire  as  well  as  in  some  other  states.  Perhaps  the 
Vermont  law  should  include  this  item  of  information.  However,  from 
the  outset  the  Station  has  annually  reported  upon  the  viability  of  the 
seed  samples  which  it  has  gathered.     It  regrets  to  report  that  the 
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results  secured  with  the  samples  taken  in  1920  are  much  less  satis- 
factory than  usual.  *The  following  table  seems  worth  calling  to  the 
attention  of  the  readers: 

COMPARISON  OP  VIABILITY  WITH  STANDARDS 


Seed 

Alfalfa , 

Barley  

Alsike  clover, 
Red  clover... 

Corn 

Mmet 

Oats  

Red  top. 

Timothy   .... 
Buckwheat  .. 

Peas  

Rape 

Rye 


standard 

of 
viability 


Samples 


Above 
minimum 
standard 


Below 
minimum 
standard 


85-90 

6 

1 

5 

90-95 

17 

6 

11 

75-80 

23 

16 

7 

85-90 

29 

14 

15 

90-95 

53 

6 

47 

85-90 

29 

2 

27 

90-95 

6 

2 

4 

75-80 

23 

0 

23 

85-90 

32 

0 

32 

90-95 

6 

1 

5 

93-98 

9 

2 

7 

90-95 

4 

2 

2 

90-95 

3 

1 

2 

240 


53 


187 


This  is  certainly  a  startling  situation.  If  one  may  judge  by  the 
samples  taken  by  the  station's  sampling  agents  78%  of  the  seeds  sold 
in  Vermont  in  1920  were  below  the  minimum  standards  of  viability  as 
determined  by  the  federal  seed  experts  and  by  the  Association  of 
Official  Seed  Analysts.  Eight  percent  of  the  samples  were  so  poor 
in  viability  that  only  one  seed  in  ten  or  less  would  grow ;  four  percent 
were  so  poor  that  only  one  seed  in  25  or  less  would  grow;  and  in  three 
cases  not  a  single  seed  was  alive. 

There  is  this  much  to  be  said,  however,  that  the  analyses  for  germ- 
ination or  viability  are  always  made  at  this  Station,  and  of  necessity 
made,  some  week  or  even  months  after  the  samples  are  received  and, 
consequently,  the  results  may  be  somewhat  lower  than  was  actually  the 
fact  when  the  seed  entered  the  State  or  was  used,  if  it  was  used,  in  the 
months  of  May  and  June.  The  reason  for  this  is  the  inadequate  sum 
available  for  the  conducting  of  seed  inspection.  However,  the  figures 
are  so  very  low  in  many  instances,  that  there  is  no  escape  from  the  con- 
clusion that  much  of  the  seed,  when  used,  was  sub-standard  as  to  its 
viability.  Indeed  it  is  not  too  much  to  say  that  probably  the  seed  sup- 
plied in  1920  in  Vermont  was  inferior  in  respect  to  guaranty  mainten- 
ance, weed  seed  content,  and  viability  to  that  furnished  at  any  time 
since  the  seed  law  went  into  eflFect. 
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FIRST  15  YEARS  OF  A  40 -VARIETY 
APPLE  ORCHARD 

APPLE  CION  SELECTION  FROM  HIGH 
AND  LOW  YIELDING  PARENT  TREES 


■  Puss  PuNTina  Cokpavt 
1»1 


the  winters  of  1917-18  and  1918-19.  The  location  of  the  sUtioo 
orchard  on  high  land  favored  air  drainage  and  was  an  important 
factor  of  iHTOtection.  Furthermore^  the  discontinuance  of  cultiva- 
tion in  late  summer  and  the  sowing  of  cover  crops  were  hdpfol 
procedures. 

The  yields  for  the  several  trees  of  each  variety  from  the  be- 
ginning of  the  orchard  to  the  end  of  a  15-year  period  were  ascer- 
tained by  yearly  records.  The  average  number  of  apples  p&t  tree 
among  the  high  inroducers  was  4,927  for  Longfield,  2,794  for  Ydlo^ir 
Transparent,  2,729  for  Scott,  2,601  for  Oldenburg,  2,598  for 
Fameuse;  among  the  low  producers,  62  for  Cooper,  118  for  Graven- 
stdn,  165  for  Roman  Stem,  207  for  dwarf  Baldwin,  264  for  Mcin- 
tosh, and  326  for  Northern  Spy.  On  the  basis  of  pounds  produced, 
the  avmtges  per  tree  were;  high  producers:  Ydlow  Transparent, 
854;  Yellow  Bellflower,  827;  Longfield,  753;  Oldenburg,  658; 
Fametise^  605;  low  producers:  Co<^>er,  15;  Gravenstein,  30;  Roman 
Stan,  39;  dwarf  Baldwin,  65;  Mcintosh,  74. 

The  storage  endurance  of  many  varieties  in  a  basement  room 
and  under  recorded  cimditions  of  temperature  and  humidity  was 
studied  for  three  seasons.  Seven-day  thermograph  and  hygro- 
graph  instruments  were  used  and  two-hour  readings  were  secured 
from  the  dials  of  these  instruments.  The  temperature  and  humidity 
conditions  were  not  unlike  those  which  may  obtain  in  basement 
stor^ooms  on  Vermont  farms.  Ventilation  vras  secured  by  the 
use  of  windows,  moisture  provided  by  creating  water  surfaces,  and 
freeiing  prevented  in  severe  weather  by  the  use  of  oil  stoves. 
During  much  of  the  time  temperatures  approximated  40''  F.  and 
the  humidity  was  about  75.  The  highest  humidity  during  the 
storage  season  of  1917-18  was  96,  the  lowest  67,  and  the  average 
86;  during  1919-20,  83,  39  and  70  respectively.  The  temperature 
ranges  for  each  season  were:  1916-17;  lowest  33°,  highest  80"", 
average  50'';  in  1917-18;  lowest  32%  highest  78%  average  45^ 

The  three-year  average  storage  period  varied  from  38  days  for 
Red  Astrachan  and  154  days  for  St.  Lawrence^  to  297  days  for  Ben 
Davis  and  324  days  for  Mann.  Baldwin  averaged  281  days;  Mcin- 
tosh, 224;  Wealthy,  219;  R  I.  Greening,  241;  Fameuse,  226;  N.  W. 
Greening,  236.    Endurance  varied  somewhat  with  the  season. 

In  general  the  progress  of  decay  was  slow  and  the  shrinkage 
smalL  The  percentage  of  loss  in  weight,  up  to  the  time  of  first 
decay,  ranged  from  3  percent  for  St.  Lawrence  to  26  percent  for 
Oldenburg.  It  was  19  percent  for  Spitzenburg,  9  percent  for 
Mcintosh,  7  percent  for  Rhode  Island  Greening  and  4  percent  for 
Fameuse,  but  the  time  embraced  was  different  in  each  case. 


Pi>ATE  II — Orchard  extension  harrow  drawn  by  (arm  tractor.  Extensions  at 
the  harrow  permit  low  headed  trees  and  clean  cultivation  near  the  base 
of  the  trunk. 

Type  of  spray  outfit  used  when  trees  wi 
[orm.  single  horse,  market  wagon.  . 
sprayers  were  used  later. 


FIRST  15  YEARS  OF  A  40- VARIETY  APPLE  ORCHARD 

In  1904  an  apple  orchard  of  40  varieties  embracing  about  two 
acres  was  set  for  the  purpose  of  making  a  comparative  study  of  the 
common  varieties  grown  in  Vermont.  The  multiplicity  of  calls  for 
accurate  information  based  on  Vermont  conditions  evidences  the  de- 
mand for  knowledge  of  the  relative  behavior  of  apple  trees  and  their 
fruit.     The  demand  was  urgent  in  1904  and  still  exists. 

The  Objective  Points 

The  purpose  of  this  project  was  to  secure  comparative  data 
touching : 

1.  Earliness  and  regularity  of  bearing. 

2.  Blossoming  dates;  duration  of  bloom  with  reference  to  inter- 
pollination. 

3.  Rates  of  growth  in  twig  and  trunk  as  related  to  yield. 

4.  Healthiness  and  hardiness  of  varieties  with  respect  to  winter 
injury  and  the  common  diseases. 

5.  Varietal  tolerance  in  storage  with  instrumental  records  on 
humidity  and  temperature. 

Development  and  Care  of  the  Orchard 

When  the  orchard  wa"S  set  out,  many  sorts  were  planted ;  some  to 
be  fillers  for  early  crops  and  some  as  standards,  thus  affording  many 
varieties  for  the  comparative  study.  The  standard  "long  term"  trees 
were  placed  40  feet  apart  and  the  fillers,  the  "short  term"  trees,  were 
set  20  feet  apart.  It  was  intended  to  remove  the  filler  trees  between 
the  fifteenth  and  the  twentieth  years  after  setting  or  as  soon  as  the 
full  space  would  be  required  for  the  standard  specimens.  A  complete 
list  of  the  varieties  employed  appears  in  table  I  (page  10). 

The  soil  and  site  need  to  be  described  for  they  are  related  to  the 
points  of  inquiry.  The  best  orchard  site  on  the  University  Farm  was 
chosen,  on  a  knoll  gently  sloping  in  all  directions  except  to  the  south. 
This  site  provided  excellent  drainage  for  both  soil  and  air,  each  of 
which  is  indispensable,  since  wet  soils  are  invariably  associated  with 
winter  injury  and  poor  circulation  of  air  is  apt  to  predispose  the  trees 
to  sprii^  frost  injury  or  to  winter  killing.  On  the  other  hand  sufficient 
protection  against  the  strong  prevailing  southwest  and  northwest  winds 
was  secured  by  a  natural  windbreak  of  trees  in  a  line  fence. 

The  soil  was  a  clay  loam  grading  almost  to  a  coarse  gravel,  with 
some  cobblestones  intermixed,  deep,  moderately  rich  and  in  general 
^ood  tilth.  Site  and  soil  were  almost  ideal,  though  ill  adapted  to  a  few 
of  the  many  varieties  under  trial. 
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Cultural  Treatment 

The  orchard  was  given  good  care.  Nothing  extraordinary  in  this 
respect  was  either  intended  or  desired.  No  effort  was  made  to  secure 
record  performances  for  any  such  attempt  would  have  defeated  the 
very  objects  in  view.  What  was  considered  to  be  general  good  care 
15  years  ago  was  adopted  as  the  regimen  and  held  to  quite  rigidly 
so  that  there  might  be  a  reasonable  degree  of  continuity  of  treatment 
throughout  the  experiment.  In  order  to  amplify  the  phrase  "general 
good  care/'  it  seems  well  to  recite  the  treatment  given,  since  there  are 
different  ideas  of  how  best  to  care  for  an  orchard. 

Soil  culture,  pruning  and  spraying  are  the  triumvirate  of  orchard 
management,  the  practices  which  most  profoundly  influence  the  trees 
and  control  the  outcome. 

Clean  culture  with  occasional  cover  crops  was  employed.  The 
land  was  plowed  in  the  spring  and  harrowed  at  intervals  of  from  10  to 
20  days.  This  sufficed  to  suppress  weeds  and  to  maintain  a  good  soil 
mulch.  During  the  earlier  years  hoed  crops,  such  as  Hubbard  squash, 
were  grown  between  the  trees.  Later  on,  buckwheat  was  sown  late 
each  July  and  plowed  under  the  following  spring.  Red  clover  replaced 
buckwheat  at  regular  5-year  intervals,  occupying  the  land  during  the 
last  half  of  a  summer  of  one  year  and  the  full  summer  of  the  following 
year.  The  crop  was  then  either  cut  and  placed  under  the  trees  as  a 
grass  mulch,  or  was  plowed  under  the  succeeding  spring  as  a  substitute 
for  manure.  Clean  culture  was  generally  practiced  with  clover  sod  at 
distant  intervals.  Neither  manure,  commercial  fertilizers  nor  lime  were 
used.  It  was  part  of  the  plan  from  the  outset  to  develop  the  orchard 
without  expense  for  fertilization. 

Pruning  was  done  annually.  The  shears  and  the  saw  were  put 
to  every  tree  every  year.  Moderate  cutting  was  done  and  always 
during  the  dormant  season.  The  aim  throughout  was  to  keep  the  tops 
thin,  open  and  spreading,  and  to  remove  small  limbs  rather  than  large 
ones.  Wounds  were  treated  with  antiseptics  as  judgment  dictated. 
While  this  general  treatment  was  given  to  all  trees,  a  little  extra  work 
was  done  on  certain  sorts  in  accordance  with  varietal  needs.  In  this 
way  a  degree  of  growth  uniformity  was  given  to  all  varieties  as  well 
as  to  all  the  trees  within  a  variety.  Regularity  and  continuity  of  treat- 
ment were  paramount. 

Spraying  was  done  in  a  systematic  fashion,  using  the  same  spray 
mixtures  each  year.  Dormant  applications  of  lime  and  sulfur  were 
made  at  the  rate  of  1  to  9  every  third  year,  and  more  frequently  on 
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certain  trees  as  seemed  necessary,  for  the  control  of  bark  louse  and 
blister  mite.  During  the  last  five  years  this  spray  was  delayed  till 
the  buds  were  nearly  open  so  to  destroy  plant  lice  when  they  were 
present. 

A  before-and-after-blossom  spray  of  lime  and  sulfur,  one  gallon 
to  40  gallons  of  water,  reen forced  with  2j4  pounds  of  powdered  ar- 
senate of  lead,  was  given  each  year.  This  served  to  control  the  major 
pests,  such  as  codling  moth,  tent  caterpillar,  apple  scab  and  canker. 
Only  twice  during  the  15-year  period  was  it  necessary  in  midsummer 
to  make  special  applications  of  soap  solutions,  or  "Black  Leaf  40," 
a  nicotine  sulfate  solution,  for  the  control  of  orchard  lice. 

It  is  worth  recording  in  this  connection  that  the  orchard  has  been 
remarkably  free  of  insect  pests  and  fungus  diseases.  Timeliness  of 
application  and  the  regularity  of  the  sprayings  have  served  to  keep 
the  trees  clean  and  healthy.  The  importance  of  this  procedure  was 
early  recognized  because  of  its  relations  to  yields  and  to  the  regularity 
of  crops.  It  was  a  bit  of  good  fortune  that  the  spraying  could  be 
done  during  the  interim  of  storms  and  windy  periods,  for  the  spray 
mixtures  were  evenly  distributed  and  were  completely  effective. 

Yields  of  Different  Varieties 

Table  I  shows  the  yield  of  40  varieties  of  apples  for  the  first  15 
years  of  the  orchard.  The  points  of  special  interest  are  those  showing 
the  age  at  which  the  different  varieties  began  to  bear,  the  average  yield 
for  the  period  and  the  regularity  of  the  crops. 

Four-fifths  of  the  varieties  were  set  in  1904  and  the  remainder 
in  1906.  Half  of  them  began  to  bear  in  1912  after  eight  years.  Cooper 
and  Northern  Spy  were  the  only  varieties  that  were  slow  in  arriving  at 
the  fruiting  age.     The  latter  is  noted  for  its  tardiness  in  fruiting. 

The  average  yield  column  is  of  value  in  showing  the  relative  num- 
bers of  apples  the  different  varieties  produced  in  the  period.  The 
most  prolific  variety  was  Longfield,  which  produced  4,927  apples  per 
tree,  followed  by  Yellow  Transparent  2,729,  Scott  2,601,  Oldenburg 
2,601,  Fameuse  2,598,  Yellow  Bellflower  2,561. 

The  six  lower  yields  were :  Cooper  62,  Gravenstein  1 18»  Roman 
Stem  165,  dwarf  Baldwin  207,  Mcintosh  264,  Northern  Spy  326.  The 
fourth  and  fifth  ones  in  this  scries  were  not  set  until  1906,  so  their 
period  was  for  only  13  years. 
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The  regularity  of  crops  for  any  variety  is  a  pertinent  matter  for 
the  fruit  grower.  After  a  tree  attains  the  bearing  age,  how  often 
does  it  bear?  Is  it  a  successive  or  an  intermittent  producer?  Many 
varieties  are  alternate  in  this  respect.  Table  I  shows  the  degree  of 
r^vlarity  of  crops  for  40  varieties.  The  fruiting  habit  is  shown  in 
the  two  columns  entitled  "possible  crops"  and  "actual  crops"  for  each 
kind  of  tree.  The  possible  crop  column  includes  all  trees  of  each 
\'ariety  for  all  years  since  fruit  was  first  produced.  The  differences 
between  the  figures  for  the  actual  crops  and  those  for  the  possible 
crops  show  how  many  failures  each  variety  sustained.  For  instance, 
Arctic  might  have  yielded  54  crops  from  the  eight  trees  for  the  period 
from  1912  to  1919  inclusive,  each  tree  each  year  constituting  a  pos- 
sibility after  the  tree  had  borne  its  first  crop.  As  a  matter  of  fact, 
however,  the  eight  trees  bore  only  34  crops,  there  being  20  failures. 
Different  trees  failed  to  fruit  in  different  years.  As  the  table  shows, 
Ben  Davis  and  Maiden  Blush  fruited  every  year  after  beginning. 
Scott  missed  but  one  out  of  47  and  Fallawater  but  one  out  of  22  crops. 
The  most  irregular  bearers  were  Baldwin,  Rhode  Island  Greening  and 
Pumpkin  Sweet.  Some  of  these  irregularities,  however,  are  explained 
elsewhere — ^under  the  heading,  "winter  injury"  (pages  20-21). 

For  all  varieties,  including  all  trees  and  embracing  all  years,  the 
possibilities  were  1,401  and  the  actual  crops  1,145.  In  general,  then, 
for  the  first  8  to  10  crop  years  the  chances  are  that  a  tree  will  bear 
about  8  years  out  of  10  years. 

The  subjoined  tables  on  pages  10  to  12  give  the  yields  for  all 
varieties,  and  a  summary  of  yields  in  number  and  weight  of  fruits 
from  1909  to  1919,  inclusive,  stated  alphabetically  and  the  charts  II 
and  III  on  pages  13  and  14  show  the  data  as  to  yield  in  terms  of  num- 
bers and  pounds,  expressed  in  the  order  of  yield  from  lowest  to  highest. 
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Tabuc  I — YiEij)  OF  All  Vabieties  fob  Each  Year 


Average  number  of  apples  per  tree 

Vartety                 1909     1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

Alexander 

8 

•   •  • 

119 

8 

208 

•  •    • 

302 

16 

540 

IS 

Arctic 

t  •              •  ■  • 

•   •   • 

27 

•   •  • 

40 

34 

134 

132 

30 

38^ 

Baldwin,  std. 

»  •              •  •  • 

•  «   ■ 

9 

16 

'62 

24 

109 

5 

8 

39^ 

Baldwin,  dwf. 

i  •              •  •  • 

•   •   • 

2 

•  •  • 

48 

49 

74 

■  •  • 

•   •   • 

3J 

Ben  Davis 

3 

37 

160 

29 

214 

100 

199 

25 

G80 

351 

Bismarck 

2         34 

190 

61 

239 

253 

145 

185 

63 

830 

31 

Boiken 

1 

113 

H 

22 

265 

27 

332 

21 

373 

47J 

Cooper 

•                ■   •   • 

•  •  • 

•  •  • 

•  •  • 

•  *  « 

•  •  • 

•  •  • 

2 

•    •   • 

6< 

Chenango 

1           5 

69 

1 

90 

40 

243 

15 

•  •  • 

•   ■   • 

• .  * 

Fallawater 

1  •              •  •  • 

•  •  • 

67 

8 

138 

7 

205 

79 

39 

0«)' 

Fameuse 

1 

4 

278 

■  «  • 

300 

99 

557 

134 

444 

m 

Gravenstein' 

•  •               •   •  • 

«  •  • 

25 

«  •  ■ 

19 

4 

69 

1 

•   •  • 

•   • 

Golden  Russet 

■  •               •   •   • 

•  •   • 

32 

7 

105 

16 

152 

68 

95 

2S' 

Haas 

32 

33 

133 

104 

78 

158 

184 

35 

619 

97' 

Hubbardston 

1 

6 

140 

2 

98 

10 

180 

130 

•  •   • 

«  « 

Jonathan,  std. 

•  •               •  •   • 

•  •  ■ 

320 

42 

207 

6 

668 

3 

145 

77 

Jonathan,  dwf. 

3 

■  •  • 

72 

■  ■  ■ 

145 

20 

150 

1 

51 

18^ 

King 

•  •               •  •   • 

•  ■   • 

24 

9 

92 

5 

202 

33 

3 

34 

Longfleld 

12 

34 

568 

8 

443 

11 

266 

156 

1,125 

2,30 

Maiden  Blush 

B       •                                   •       •       • 

13 

100 

14 

87 

366 

•  •  ■ 

•  •  • 

•   •   • 

•  • 

Mann 

■       •                                   •       •       • 

•   *   • 

8 

•  «   • 

53 

14 

312 

11 

101 

5Ji 

Mcintosh 

■       •                                   •       •       • 

•   •   • 

•   •  • 

17 

14 

5 

46 

34 

73 

9 

Northern    Spy 

■       •                                   •       •       ■ 

•   •   • 

2 

•  •  • 

3 

■  •  • 

45 

22 

2 

25 

Oldenburg 

1         51 

189 

227 

15 

499 

3 

558 

1 

922 

13 

Pewaukee 

3 

11 

201 

7 

93 

92 

308 

19 

400 

29 

Pumpkin  Sweet 

B     •                           •     •     • 

8 

213 

«  •  • 

123 

71 

314 

112 

386 

31 

Red  Astrachan 

•                           •      •     • 

12 

•   ■   • 

22 

232 

24 

630 

13 

564 

18 

Roman  Stem 

•     •                           •     •      * 

• . « 

25 

•  •  • 

105 

•  *  • 

23 

12 

«   •  • 

•  • 

R.   I.  Greening 

•     •                           •      •      ■ 

46 

170 

54 

277 

20 

253 

11 

16 

31 

Rome 

1     •                           •     •     • 

■  •   • 

17 

15 

197 

168 

■  ■  • 

39 

445 

35 

Scott 

3          2 

12 

165 

7 

427 

47 

712 

91 

511 

75 

E.   Spitzenburg 

•  ■               «  ■  • 

2 

14 

1 

45 

20 

55 

41 

36 

IS 

Sutton 

mm                   V    •    • 

3 

78 

1 

123 

14 

31 

339 

102 

31 

Shiawassee 

•    •                   •    •    ■ 

•  •  • 

16 

2 

148 

10 

378 

3 

465 

3« 

St.  Lawrence 

i    •                   •    •    • 

•  •  • 

150 

•   •   • 

398 

105 

599 

56 

768 

1 
1 

Tolman 

6 

24 

223 

4 

250 

197 

416 

46 

902 

28 

Twenty  Ounce 

p  •              •  •  • 

2 

40 

•  •   • 

62 

10 

79 

42 

18 

1^ 

Wealthy,  std. 

5 

129 

230 

•   •   • 

445 

6 

374 

3 

633 

2' 

Wealthy,  dwf. 

•  •               ■  ■  • 

•  •  • 

16 

•   •   • 

232 

53 

263 

6 

487 

i: 

Westlield 

•  •               •  •  • 

54 

98 

5 

211 

11 

277 

62 

800 

oi 

Wolf   River 

1           1 

9 

49 

•  •  • 

30 

8 

160 

•  •  • 

519 

•• 

Y.  Bellflower 

2 

6 

13 

•  •  • 

72 

98 

408 

36 

•  •  » 

1.92 

Y.  Transparent 

6         30 

110 

186 

24 

439 

1 

923 

•  •  • 

1,076 

Total                           ] 

L3       200 

1,106 

4,370 

772 

7,326 

2,301 

11,147 

1,905 

14,208 

15,0^ 

Average 

5 

26 

102 

18 

170 

53 

259 

44 

330 

3; 
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Table  II — Cbops  of  Apples 

FIBST  FIFTEEN  TEABS  OF  OBCHABD 


Variety  of  apple 


Number 

of  apples 

Fruited 

First  crop 

All  trees 

Actual 

came 

Trees 

Total 

Av.  yield 

possible 

crops 

after 

In  test 

yield 

per  tree 

times 

all  years 

6  yrs. 

6 

6J30 

1,122 

54 

34 

8  yrs. 

8 

6,249 

781 

56 

'47 

8  yrs. 

5 

3,134 

627 

34 

27 

6  yrs. 

2 

414 

207 

12 

7 

6  yrs. 

2 

3,603 

1,802 

19 

19 

6  yrs. 

2 

4,059 

2,030 

22 

20 

4  yrs. 

2 

3.441 

1,721 

19 

17 

13  yrs. 

1 

62 

62 

3 

2 

4  yrs.  • 

2 

902 

451 

15 

13 

7  yrs. 

3 

2,070 

690 

22 

21 

6  yrs. 

8 

20,782 

2,598 

70 

60 

8  yrs. 

1 

118 

118 

8 

5 

6  yrs. 

3 

2,289 

763 

23 

19 

6  yrs. 

3 

7,054 

2,351 

30 

27 

.  6  yrs. 

2 

1,132 

566 

16 

14 

8  yrs. 

1 

2,161 

2,161 

8 

8 

4  yrs. 

3 

1,879 

626 

28 

17 

8  yrs. 

3 

1,783 

594 

20 

18 

4  yrs. 

2 

9,853 

4,927 

19 

16 

5  yrs. 

1 

580 

580 

5 

5 

8  yrs. 

1 

1,087 

1,087 

8 

7 

7  yrs. 

5 

1,319 

264 

30 

25 

8  yrs. 

10 

3,264 

326 

31 

25 

5  yrs. 

2 

5,203 

2,602 

21 

18 

6  yrs. 

7 

9,295 

1,328 

58 

50 

7  yrs. 

2 

3,072 

1.536 

17 

15 

6  yrs. 

6 

10.063 

1,677 

50 

3G 

10  yrs. 

1 

165 

165 

8 

4 

8  yrs. 

1 

1,237 

1,237 

8 

7 

5  yrs. 

8 

9,288 

1,161 

69 

54 

5  yrs. 

5 

13,644 

2,729 

47 

46 

7  yrs. 

9 

3,702 

411 

69 

57 

7  yrs. 

3 

3,025 

1,008 

25 

19 

8  yrs. 

3 

3,979 

1,326 

22 

17 

8  yrs. 

1 

2,146 

2,146 

8 

7 

6  yrs. 

16 

37,778 

2,361 

152 

138 

8  yrs. 

5 

2,089 

418 

45 

40 

6  yrs. 

5 

9,570 

1.914 

45 

36 

6  yrs. 

9 

9,474 

1,053 

72 

52 

7  yrs. 

2 

3,462 

1.731 

17 

15 

5  yrs. 

6 

5,121 

854 

52 

36 

1 

2,561 

2,561 

10 

8 

5 

13,969 

2,794 

54 

37 

Alexander 

Arctic 

Baldwin 

Baldwin,  dwf. 

Ben  Davis 

Bismarck 

Boiken 

Cooper 

Chenango 

Fallawater 

Famense 

Gravenstein 

Golden  Russet 

Haas 

Hubbardston 

Jonathan,  std. 

Jonathan,  dwf. 

King 

L/yngheld 

Maiden  Blush 

Mann 

Mcintosh 

Northern  Spy 

Oldenburg 

Pewaukee 

Pumpkin  Sweet 

Red  Astrachan 

Roman  Stem 

Rome 

R.  I.  Greening 

Seott 

Spitzenburg 

Sutton 

Shiawassee 

St  Lawrence 

Tolman 

Twenty  Ounce 

Wealthy,  std. 

H*ailthy,  dwf. 

Westfield 

Wolf  River 

Y.  Bellflower 

y.  Transparent 


All  varieties  were  set  In  1904,  except  dwarf  Baldwin,  Boiken,  Chenango,  dwarf 
Jonathan,  Longfleld,  Maiden  Blush,  Mcintosh  and  dwarf  Wealthy,  which  were  set 
in  1$0$, 
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Tabi£  III — Summary  of  YiEii>s  fob  All  Varieties 


Number  of  fruits 

Weight  of  fruits        Number  of  crop 

Variety 

Number 
trees      Total 

Averasre 
per 
tree 

Average 

)  possible 

crop  per 

tree 

Total 
pounds 

Average 
per  tree, 
pounds 

Average 
possible 
cropper 

tree, 
pounds 

Possible 

Actua 

Alexander 

6 

6,730 

1,122 

125 

1,999 

333 

37 

54 

34 

Arctic 

8 

6,249 

781 

112 

1,600 

200 

29 

56 

47 

Baldwin,  std. 

5 

3,134 

627 

92 

984 

197 

29 

34 

27 

Baldwin,  dwf. 

2 

414 

207 

35 

130 

65 

11 

12 

7 

Ben  Davis 

2 

3,603 

1,802 

190 

847 

424 

46 

19 

19 

Bismarck 

2 

4,069 

2,030 

185 

990 

496 

45 

22 

20 

Boiken 

2 

3,441 

1.721 

181 

1,116 

668 

69 

19 

17 

Cooper 

1 

62 

62 

21 

16 

15 

6 

3 

2 

Chenango 

2 

902 

451 

60 

197 

99 

13 

15 

13 

Fallawater 

3 

2,070 

690 

94 

749 

260 

34 

22 

21 

Fameuse 

8 

20,782 

2,598 

297 

4,840 

606 

69 

70 

60 

Gravenstein 

1 

118 

118 

16 

30 

30 

4 

8 

5 

Golden  Russet 

3 

2,289 

763 

100 

627 

209 

27 

23 

19 

Haas 

3 

7,054 

2,351 

235 

1,562 

617 

62 

30 

27 

Hubbardston 

2 

1,132 

566 

71 

377 

189 

24 

16  ■ 

14 

Jonathan,  std. 

1 

2,161 

2,161 

270 

446 

445 

66 

8 

8 

Jonathan,  dwf. 

3 

1,879 

626 

67 

387 

129 

14 

28 

17 

King 

3 

1,783 

594 

89 

619 

206 

31 

20 

18 

Lougfield 

2 

9,853 

4,927 

618 

1,607 

763 

79 

19 

16 

Maiden  Blush 

1 

580 

580 

116 

135 

136 

27 

5 

5 

Mann 

1 

1,087 

1,087 

136 

260 

260 

33 

8 

7 

Mcintosh 

5 

1,319 

264 

44 

369 

74 

12 

30 

25 

Northern  Spy 

10 

3,264 

326 

105 

1,511 

151 

49 

31 

25 

Oldenburg 

2 

5,203 

2,002 

248 

1,316 

658 

63 

21 

18 

Pewaukee 

7 

9,295 

1,328 

160 

2,380 

340 

40 

58 

50 

Pumpkin  Sweet 

2 

3,072 

1,536 

181 

882 

441 

62 

17 

15 

Red  Astrachan 

6 

10,063 

1,677 

201 

2,878 

480 

68 

50 

36 

Roman  Stem 

1 

165 

165 

21 

39 

39 

6 

8 

4 

Rome 

1 

1,237 

1,237 

165 

278 

278 

36 

8 

7 

R.  I.  Greening 

8 

9,288 

1,161 

135 

2,907 

363 

42 

69 

54 

Scott 

5 

13,644 

2,729 

290 

2,861 

570 

61 

47 

46 

E.  Spitzenburg 

9 

3,702 

411 

54 

1,070 

119 

16 

69 

57 

Sutton 

3 

3,025 

1,008 

121 

1,041 

347 

42 

26 

19 

Shiawassee 

3 

3,979 

1,326 

181 

1,337 

446 

61 

22 

17 

St.  Lawrence 

1 

2,146 

2,146 

268 

494 

494 

62 

8 

7 

Tolman 

16 

37,778 

2,361 

249 

8,689 

643 

67 

152 

138 

Twenty  Ounce 

5 

2,089 

418 

46 

971 

194 

22 

45 

40 

Wealthy,  std. 

6 

9,570 

1,914 

213 

2,230 

446 

60 

45 

36 

Wealthy,  dwf. 

9 

9,474 

1,053 

132 

2,207 

246 

31 

72 

62 

Westfield 

2 

3,462 

1,731 

204 

759 

380 

45 

17 

15 

Wolf  River 

6 

6,121 

854 

99 

1,972 

329 

38 

52 

36 

Y.  Bellflower 

1 

2,561 

2,561 

256 

827 

827 

83 

10 

8 

Y.  Transparent 

5 

13,969 

2,794 

259 

4,271 

864. 

79 

64 

37 

Total  all 

varieties 

173 

232,808 

67,466 

6,631 

60,684 

14,732 

1,726 

1,401    1,145 

Average 

4 

5,414 

1,136 

154 

1,411 

343 

40 

33 

27 
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Relative  Pkoih'ctivity  in  Numurr  or  Applkk 

rUkST  FIFTEEIi  YEARS  OF  VARIETY  ORCHARD — AVERAGE  PER  TKKE 

Scale: — 1  in.  =  1,000  apples 


Cooper 

62 

GraTenstein 

118 

Roman  Stem 

165 

Baldwin,  dwf. 

207 

Mcintosh 

264 

Northern  Spy 

326 

Spitzenburg 

411 

Twenty  Ounce 

418 

Chenango 

451 

Hubbardston 

566 

Maiden  Blush 

580 

King 

594 

Jonathan,  dwf. 

626 

Baldwin 

627 

Pallawater 

690 

Golden  Russet 

763 

Arctic 

781 

Wolf  River 

854 

Sotton 

1,008 

Wealthy,  dwr. 

1,053 

Mann 

1.08r 

Alexander 

1.122 

R.  I.  Greening 

1.161 

Rome 

1,237 

Shiawassee 

1,326 

Pewaakee 

1,328 

Pumpkin  Sweet'  1.536 

Red  Astrachan 

1,67Y 

Bolken 

1,721 

Westfield 

1.731 

Ben  Davis 

1.802 

Wealthy 

1.914 

Bismarck 

2,030 

St.  Lawrence 

2,146 

Jonathan 

2,161 

Haam 

2.351 

Tolman 

2,361 

T/Bellllower 

2.561 

Famense 

2,598 

Oldenbarg 

2.602 

Seott 

2.729 

Y.  Transparent 

2,794 

Longfield 

4.927 
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Relative  Pboduction  in  Pounds 

FIB8T  FITTBEN  YEARS  OF  VARIETY  ORCHARD — AVERAGE  PER  TREE 

Scale:— 1  in.  =  300  Ib.s 


Cooper 

15 

Gravenstein 

30 

Roman  Stem 

39 

Baldwin,  dwf. 

65 

Mcintosh 

74 

Chenango 

99 

Spitzenburs 

119 

Jonathan,  dwf. 

129 

Maiden  Blush 

135 

Northern  Spy 

151 

Hubbardston 

189 

Twenty  Ounce 

194 

Baldwin 

197 

Arctic 

200 

Kins 

206 

Golden  Russet 

209 

Wealthy,  dwf. 

245 

Fallawater 

250 

Mann 

260 

Rome 

278 

Wolf  River 

329 

Alexander 

333 

Pewaukee 

340 

Sutton 

347 

R.  I.  Greening 

363 

Westfleld 

380 

Ben  Davis 

424 

Pumpkin  Sweet 

441 

Jonathan 

445 

Shiawassee 

446 

Wealthy,  std. 

446 

Red  Astrachan 

480 

St.  Lawrence 

494 

Bismarck 

495 

Haas 

517 

Tolman 

543 

Boiken 

558 

Scott 

570 

Fameuse 

605 

Oldenburg 

658 

Longfield 

753 

Y.  Bellflower 

827 

Y.  Transparent 

854 
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Relative  Blossoming  Periods 

A  study  was  made  of  the  relative  blossoming  periods  of  38  varieties 
for  six  years.  The  blossoming  dates  for  the  seasons  under  observa- 
tion have  been  averaged  and  are  arranged  in  the  order  of  early  blos- 
soming. Longfield  blossoms  first,  as  it  averaged  to  begin  on  May  14; 
Fameuse,  Tolman  and  Northern  Spy  were  late,  for  they  did  not  average 
to  blossom  until  May  18.  The  dates  for  the  first  and  last  blooms, 
representing  the  beginning  and  the  ending  of  the  period  of  open  blos- 
soms, were  for  the  first  and  last  dozen  blossoms,  the  full  bloom  period 
being  approximately  the  mean  of  the  two  extremes. 

The  length  of  the  blossoming  period  for  any  variety  is  a  matter 
of  some  economic  importance.  Good  weather  at  blossoming  time  is 
imperative.  Cold  storms  occasionally  happen  in  Vermont  in  the  mid- 
dle of  May  when  orchards  are  in  full  bloom.  Unfavorable  weather  at 
this  time  often  spells  disaster,  for  insects  can  scarcely  work  among  the 
blossoms  under  these  conditions  and  the  flowers  are  not  well  pollinated 
or  completely  fertilized. 

The  U.  S.  Weather  Bureau  records  disclose  the  relationship  be- 
tween good  and  poor  weather  and  long  and  short  blossoming  periods. 
In  1912  a  1.7  inch  rainfall  occurred  during  the  first  part  of  the  blos- 
soming period.  The  early  blooming  varieties  were  exposed  to  it  but 
the  late  ones  nearly  escaped  it.  In  1913  no  rain  fell  until  nearly  the 
end  of  the  blossoming  time,  and  then  only  0.3  inch  came.  In  19i4 
very  little  rain  fell  at  the  critical  time,  0.01  inch  during  the  early  and 
0.07  inch  during  the  latter  portion  of  the  period.  In  1915  a  rainfall 
of  0.48  inch  occurred  during  the  middle  of  the  blossoming  period 
and  yet  more  at  its  close.  In  1916,  0.25  inch  fell  early  but  scarcely  any 
feU  later  on.  In  1919  most  of  the  rainfall  happened  in  the  forepart 
of  the  blossoming  season,  with  lighter  showers  up  to  the  middle  of 
the  period.  Some  of  the  early  and  some  short-time  blossoming  varieties 
experienced  but  little  good  weather  during  the  blossoming  period,  while 
the  12-day  varieties  had  plenty  of  sunshine. 

Chart  IV  shows  that  the  average  blossoming  period  of  38  varieties 
of  apples  varies  from  $  days  for  sorts  like  Red  Astrachan,  Sutton  and 
Fameuse  to  12  days  for  varieties  like  Bismarck,  Fallawater  and  Rhode 
Island  Greening.  Four  more  days  of  "bloom  in  certain  years,  either 
before  or  after  a  storm,  might  result  in  the  simple  and  significant  dif- 
ference between  a  good  crop  and  a  poor  one,  as  determined  by  the 
length  of  the  blossoming  period  of  a  variety.  The  variety  with  a  long 
blossoming   season   has  a  better  chance   to  escape   storm   and   bear 
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Chabt  IV 

Relative  Bijossoming  Period 


Variety 


Days  of 
bloom 


Avera^re  dates  for  years  1912,  'IS.  '14.  '15.  'IG 

Month    of    May 


14  15  16  17  18  19  20  21  22  23  24  25  26  27 


Longfield 

11 

Red  Astrachan 

8 

King 

10 

Pumpkin   Sweet 

10 

Scott 

10 

Boiken 

Gravenstein 

Haas 

Pewaukee 

Rome 

Tetofsky 

8 

Maiden  Blush 

9 

Oldenburg 

9 

Shiawassee 

9 

Twenty  Ounce 

9 

Alexander 

10 

Baldwin 

10 

Chenango 

10 

Golden  Russet 

10 

Mcintosh 

10 

Jonathan 

11 

Wealthy 

11 

Y.  Bellflower 

11 

Y.  Transparent 

11 

Bismarck 

12 

Fallawater 

12 

R.  I.  Greening 

12 

Sutton 

8 

Arctic 

9 

Wolf  River 

9 

Ben  Davis 

10 

Hubbardston 

10 

St.  Lawrence 

10 

Spitzenburg 

11 

Westfield 

11 

Fameuse 

8 

Tolman 

9 

Northern  Spy 

10 
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regularly  then  has  a  short  one.     If  one  turns  to  the  table  of  crops,  it 
is  seen  that  Rhode  Island  Greening  bore  54  times  in  a  possible  of  69 ; 
Fallawater,  21  out  of  22;  and  Bismarck,  20  out  of  21.     Treating  the 
12-day  blossoming  lots  as  a  unit,  the  actual  crops  in  relation  to  pos- 
sible ones  were  95  to  112,  or  a  skip  of  17.     On  the  other  hand,  there 
were  the  8-day  blossoming  varieties  such  as  Fameuse,  which  bore  60 
out  of  70  times;  Sutton,  20  out  of  22;  and  Red  Astrachan,  36  out  of 
50  times ;  and,  combining  these  as  a  unit,  the  actual  crops  as  compared 
with  possible  ones  were  116  out  of  142,  or  a  skip  of  26  crops.     A  long 
blossoming  variety  possesses  some  advantages  in  relation  to  weather 
over  those  blossoming  for  a  short  time  only. 

In  studying  the  chart  it  is  seen  that  most  varieties  overlap  so  well 
in  blossoming  dates  that  interpollination  is  possible  if  good  weather 
prevails  and  the  necessary  insect  are  present  and  actively  at  work. 

Growth  of  Different  Varieties 

The  growth  which  a  variety  makes  may  be  a  measure  of  its  adapta- 
tion to  a  certain  locality  and,  also,  a  gauge  of  the  effect  of  the  cultural 
treatment  which  it  receives.  The  size  of  the  trunk  is  related  to  the 
crop  produced.  Tables  IV  and  V  present  the  data  touching  these 
matters. 

The  measurements  of  twig  growth  were  begun  in  1904,  continued 
until  1910,  and  made  again  in  1918  and  1919.  The  average  rate  of 
growth  for  all  trees  in  each  variety  is  given  in  inches,  together  with 
the  average  for  all  the  varieties. 

Certain  varieties  may  be  said  to  be  fast  growers  and  others  slow 
growers.  The  twigs  of  Arctic  and  Mcintosh,  19,  Rome  and  Haas,  23, 
and  Northern  Spy,  Wolf  River  and  Spitzenburg,  20  inches  each,  grew 
relatively  rapidly,  while  Shiawassee,  14,  Bismarck,  15,  Astrachan  and 
Fallawater,  16,  and  Rhode  Island  Greening  and  Longfield,  17,  West- 
field,  16,  grew  relatively  slowly.  The  average  twig  growth  for  all 
varieties  was  about  18  inches,  a  quite  sufficient  amount. 

The  average  twig  growth  for  all  varieties  during  the  initial  year, 
1904,  was  rather  small,  being  only  15  inches ;  during  the  next  five  years, 
however,  it  was  22J^  inches ;  while  in  1918  and  in  1919,  when  the  trees 
were  14  and  15  years  old,  the  average  linear  twig  growth  was  only  7 
inches.  It  is  clear,  therefore,  that  the  twig  growth  varied  with  the  age 
of  the  tree  as  well  as  with  the  conditions  of  culture. 

The  purpose  in  presenting  these  data  is  not  merely  to  show  how 
varieties  may  differ  in  the  amount  of  twig  growth  when  handled  under 
similar  conditions  but  to  show  the  average  growth  under  definite  and 
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prescribed  conditions  of  culture  carried  on  during  a  series  of  years. 
Greater  linear  growth  might  have  been  secured  had  fertilizers  been 
used,  but  it  does  not  appear  that  greater  growth  would  have  been 
beneficial. 

The  average  horizontal  spread  of  limbs  at  the  plane  of  the  max- 
imum distance  was  taken  for  head  diameter.  The  average  for  all 
varieties  was  17  feet.  The  extent  to  which  any  variety  departs  from 
the  average  as  shown  in  the  table  seems  to  indicate  the  shape  which  a 
variety  will  take,  a  disposition  which  it  is  well  to  recognize  in  all 
pruning  work. 

The  diameter  of  the  trunk  is  probably  a  more  correct  means  of 
comparing  the  growth  of  different  varieties,  or  of  the  trees  of  the 
same  variety  under  different  conditions  of  culture  than  is  linear  twig 
growth.  The  diameters  were  ascertained  by  the  use  of  calipers,  the 
measurements  being  made  half  way  between  the  ground  and  the  origin 
of  the  scaffold  limbs.  The  tables  show  that  Boiken,  Cooper,  Bismarck, 
Oldenburg,  Twenty  Ounce,  and  Wealthy  represent  the  trees  with 
relatively  small  diameters,  whereas  Fallawater,  Yellow  Bellflower, 
Fameuse,  Haas,  Rome  and  St.  Lawrence  possessed  relatively  large 
diameters.  The  average  trunk  diameter  for  all  trees  of  all  varieties 
was  6.4  inches 

The  trees  with  relatively  large  trunks  give  on  the  whole  larger 
yields  than  those  with  smaller  trunks.  If  one  groups  all  the  varieties, 
the  trunk  diameters  of  which  exceed  an  average  of  6.4  inches,  the 
average  number  of  apples  produced  is  1,931,  whereas  the  medial  yield 
is  1,468  for  those  trees  with  trunk  diameters  below  this  average,  a 
difference  of  473  or  an  increase  of  approximately  one-third 

A  more  reliable  comparison  may  be  made  as  to  the  relation  between 
trunk  diameters  and  yields  by  citing  cases  among  individual  trees 
of  certain  varieties.  For  example:  Among  16  Tolman  trees  there 
was  one  with  a  trunk  of  only  3  inches  in  diameter.  Its  total  yield  was 
92  apples.  The  largest  Tolman  trunk  diameter  was  8.3  inches,  and  that 
tree  carried  3,475  apples,  which  was  almost  the  largest  yield  among  the 
16  trees.  Among  7  Rhode  Island  Greenings,  the  two  smaller  ones 
(trunk  diameter  of  5.2  inches)  averaged  276  apples,  while  the  largest 
tree  with  a  diameter  of  7.8  inches  gave  a  yield  of  1,075  apples.  Among 
5  Scott  trees,  that  with  the  largest  trunk — ^7.2  inches  in  diameter — 
yielded  3,762  apples,  while  that  with  a  small  trunk — 5.7  inches — ^yielded 
2,840  apples.  Among  7  Fameuse,  the  largest  trunk  diameter  of  77 
inches  was  associated  with  a  total  yield  of  3,655,  but  the  smallest  tnmk 
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diameter,  6.3  inches,  with  a  total  yield  of  2,566.  The  small  diameter 
Red  Astrachans — 3.6  inches — ^produced  a  total  yield  of  770  apples, 
whereas  the  large  diameter  trees — 9  inches — produced  a  yield  of  3,582 
apples. 

There  would  seem  to  be  a  relation  between  the  size  of  the  trunk 
and  the  size  of  the  crop.  It  is  natural  to  infer  that  the  former  is  a 
prerequisite  to  the  latter. 


Tabus  IV — Growth  Measurements 


AVERAGE  GROWTH  PER  TREE 


Average 

Length 

Number 

number  of 

of  twig 

Diameter 

Diameter 

Height 

of  main 

apples 

Variety 

growth 

of  trunk 

of  head 

of  tree 

limbs 

per  tree 

inches 

Inches 

feet 

feet 

Arctic 

19 

6.8 

20 

14 

4.6 

781 

Alexander 

16 

•      5.8 

17 

12 

4.3 

1,122 

Ben   Davis 

18 

5.2 

15 

12 

4.3 

1,802 

Bismarck 

15 

4.2 

13 

10 

4.0 

2,030 

Boiken 

17 

5.8 

16 

10 

3.5 

1,721 

Cooper 

18 

5.6 

17 

13 

3.0 

62 

Fallawater 

16 

7.6 

16 

11 

4.0 

690 

Fameuse 

18 

7.0 

20 

13 

4.4 

2,598 

Golden  Russet 

17 

6.1 

17 

13 

4.0 

763 

Haas 

23 

7.2 

20 

15 

5.0 

2,351 

King 

18 

6.9 

10 

13 

4.0 

594 

Longfleld 

17 

5.8 

16 

10 

3.0 

4,927 

Mann 

18 

6.8 

20 

14 

5.0 

1,087 

Mcintosh 

19 

6.6 

10 

11 

4.5 

264 

Northern  Spy 

20 

5.7 

16 

13 

4,1 

326 

Oldenbnrg 

17 

5.5 

17 

13 

4.5 

2.602 

Pewaukee 

17 

6.8 

16 

12 

5.4 

1.328 

Pompkin  Sweet 

19 

6.7 

19 

13 

5.0 

1,536 

Red  Astrachan 

16 

6.2 

15 

12 

4.2 

1,677 

Rome 

23 

7.5 

19 

15 

•  • 

1,237 

R.  L  Greening 

17 

6.8 

16 

12 

4.3 

1,161 

Scott 

17 

6.4 

16 

12 

3.2 

2,729 

Spitzenbnrg 

20 

5.5 

16 

11 

4.6 

411 

Sutton 

17 

6.5 

18 

13 

4.0 

1,008 

Shiawassee 

14 

5.3 

17 

11 

4.3 

1.326 

St  Lawrence 

18 

7.7 

19 

13 

5.0 

2,146 

Tolman 

17 

6.8 

18 

11 

4.7 

2,361 

Twenty  Ounce 

16 

5.1 

14 

12 

3.8 

418 

Wealthy 

19 

5.2 

15 

11 

5.3 

1,914 

Westfield 

16 

6.7 

14 

12 

3.5 

1,731 

Wo\t  River 

20 

6.1 

18 

11 

3.5 

854 

Y.  Transparent 

19 

6.1 

17 

13 

4.5 

2,794 

y.  Bellflower 

18 

9.0 

20 

14 

6.0 

2,561 

Total 

589 

209.0 

547 

405 

137.5 

50,912 

Average 

18 

6.4 

17 

12 

4.3 

1,543 

A  few  varieties  used  in  the  yield  data  elsewhere  were  not  employed  in  the 
growth  data  on  account  of  winter  injury  or  because  such  trees  were  devoted  to 
other  work.     Standard  trees  only  were  used  in  growth  data. 
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Table  V — ^Avekaub  Relative  Gbowtii  or  New  Wood  fob  Eight  Yeabs 

AVEBAGE  IJCNGTH  IN  INCHES 


Varieties  and  trees 
of  each 

1904 

1905 

1906 

1907 

1908 

1909 

1918 

1919 

Total 

Ave. 

Arctic 

6 

10 

32 

29 

19 

25 

25 

8 

7 

155 

19 

Alexander 

6 

16 

24 

28 

14 

19 

15 

8 

5 

129 

16 

Ben  Davis 

3 

19 

23 

24 

11 

20 

16 

7 

6 

126 

18 

Bismarck 

2 

12 

18 

28 

11 

17 

19 

5 

6 

116 

15 

Boiken 

2 

•  • 

•  « 

24 

20 

24 

21 

7 

3 

99 

17 

Chenango 

2 

•  • 

•  • 

30 

23 

24 

22 

•  • 

•  • 

99 

25 

Cooper 

1 

18 

29 

26 

9 

23 

21 

9 

9 

144 

18 

Fallawater 

3 

7 

21 

29 

15 

20 

27 

7 

5 

131 

16 

Fameuse 

8 

11 

22 

26 

18 

24 

25 

9 

8 

143 

18 

Golden  Russet 

2 

19 

27 

26 

19 

19 

26 

10 

8 

154 

19 

Haas 

3 

24 

35 

35 

24 

29 

26 

8 

5 

186 

23 

King 

4 

12 

30 

26 

16 

22 

25 

6 

8 

145 

18 

Longfield 

2 

•  • 

■  • 

18 

23 

25 

22 

7 

5 

100 

17 

Mann 

2 

13 

26 

25 

18 

23 

24 

9 

7 

145 

18 

Mcintosh 

4 

•  • 

■  ■ 

29 

18 

18 

25 

10 

12 

112 

19 

Northern  Spy 

12 

18 

30 

26 

20 

24 

26 

9 

8 

161 

20 

Oldenburg 

2 

13 

26 

27 

17 

19 

21 

7 

7 

137 

17 

Pewaukee 

7 

14 

28 

26 

14 

18 

22 

6 

5 

133 

17 

Pound  Sweet 

2 

21 

31 

24 

19 

21 

22 

8 

2 

148 

19 

Red  Astrachan 

6 

13 

26 

27 

16 

19 

19 

7 

6 

133 

17 

Rome 

1 

2 

34 

34 

18 

28 

20 

•  • 

■   • 

136 

23 

R.  I.  Greening 

12 

13 

28 

26 

12 

22 

23 

6 

6 

135 

17 

Scott 

5 

18 

24 

21 

15 

21 

23 

9 

7 

138 

17 

Spitzenburg 

9 

13 

28 

34 

18 

24 

26 

9 

8 

160 

20 

Sutton 

4 

14 

22 

28 

14 

18 

22 

9 

6 

133 

17 

Shiawassee 

3 

15 

19 

16 

14 

12 

18 

7 

7 

108 

14 

St  Jjawrence 

1 

20 

28 

27 

19 

16 

22 

8 

6 

146 

18 

Tolman 

14 

14 

28 

27 

12 

20 

21 

8 

4 

134 

17 

Twenty  Ounce 

5 

14 

24 

23 

9 

18 

23 

10 

6 

127 

16 

Wealthy 

5 

13 

26 

30 

20 

23 

23 

8 

5 

148 

19 

Westfleld 

2 

14 

23 

21 

12 

19 

23 

6 

7 

125 

16 

Wolf  River 

6 

21 

28 

27 

19 

25 

22 

9 

7 

158 

20 

Y.   Bellflower 

1 

17 

23 

24 

20 

26 

20 

7 

8 

145 

18 

Y.  Transparent 

6 

17 

27 

29 

20 

21 

23 

7 

4 

148 

19 

Average 

•  • 

16 

26 

26 

17 

21 

22 

8 

6 

■  •  ■ 

■  • 

Winter  Injury  and  Varietal  Resistance 

The  ability  of  any  variety  to  withstand  severe  winters  is  a  funda- 
mental consideration.  Winter  endurance  is  not  a  new  but  a  recurring 
problem.  In  view  of  the  longevity  of  an  orchard,  the  succession  of 
varieties  and  the  frequent  introduction  of  new  sorts,  it  is  obvious  that 
winter  tolerance  is  always  to  be  borne  in  mind  in  selecting  varieties. 
Such  varieties  as  Winter  Banana,  Delicious,  Opalescent  and  North 
Western  Greening  were  not  known  to  Vermonters,  or  at  least  were  not 
grown  here  in  1904,  when  the  station  variety  orchard  was  planted.  It 
takes  time  to  study  varietal  adaptations.  The  trees  must  be  grown  to 
bearing  age  and  a  considerable  period  of  years  must  elapse  before  one 
can  measure  merits  or  demerits     Extremes  of  climate,  especially  such 
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severe  winters  as  test  the  very  limits  of  resistance,  seem  to  come  period- 
ically, and  they  must  be  reckoned  with  in  Vermont  in  apple  culture  as 
they  must  be  in  Florida  in  citrus  culture.  Six  especially  severe  winters 
have  occurred  during  the  past  16  years  in  Vermont,  the  more  recent 
ones  13  and  14  years  after  the  station  orchard  was  set.  These  afforded 
a  real  test  of  the  effect  of  frigid  weather  upon  these  40  varieties  of 
apple  trees.  Most  of  the  trees  had  begun  to  bear,  some  were  bearing 
heavily  for  their  age,  and  all  were  due  to  bear  the  next  year.  The 
effect  of  temperatures  ranging  from  — 20°  to  — 28°  F.  continued  for 
a  protracted  period,  upon  the  health  of  the  trees  and  on  the  succeeding 
crop  were  points  open  to  observation. 

The  local  U.  S.  Weather  Bureau  Station  is  located  within  500  feet 
of  and  only  a  few  feet  lower  than  the  station  orchard.  Its  records 
indicate  the  following  temperatures : 

1908,  February  5,  — ^27°,  wind  east,  2  to  7  miles  per  hour; 
1912,  January  26,  — 24°,  wind  east,  4  to  9  miles  per  hour ; 
1914,  January  14,  — ^26°,  wind  east.  5  to  9  miles  per  hour; 
1917,  February  12,  — 18°,  wind  north-east,  2  to  12  miles  per  hour; 
1917,  December  30,  — 25°,  wind  east,  from  3  to  10  miles  per  hour; 

1919,  January  10,  — 11°,  wind  7  miles  per  hour,  later  increasing  to  44 
miles ; 

1920,  February  1,  — ^28°,  wind  6  to  9  miles  per  hour,  later  changing  to 
48  miles. 

The  lowest  temperature  occurring  since  the  orchard  was  set  was 
— ^28''  F.  on  February  1,  1920.  This  held  only  for  a  short  time. 
Practically  no  winter  injury  resulted.  Most  of  the  winter  injury  in  the 
orchard  occurred  during  the  winter  of  1917-18.  Much  lower  tempera- 
tures were  unofficially  reported  from  other  parts  of  the  State.  Such 
low  records  as  are  given  above,  if  accompanied  with  a  wind  of  high 
velocity,  and  if  protracted,  would  surely  result  disastrously.  Cold  air 
is  usually  dry,  and  continued  cold  winds  hasten  evaporation  and  induce 
desiccation,  which  is  at  least  one  important  factor  in  winter  killing. 
It  should  be  recognized  in  this  connection  that  the  condition  of  the  soil, 
the  slope  or  aspect  of  the  land  in  relation  to  strong  winds  and  wind- 
breaks, as  well  as  the  condition  of  the  trees  at  the  approach  of  winter 
weather,  are  important  factors  in  effecting  harm  or  protecting  the 
orchard.  The  effect  of  these  factors  was  manifested  in  different  parts 
of  the  State  during  the  severe  1917-1918  winter,  Baldwins  in  some 
places  being  killed  outright  while  remaining  unharmed  in  other  locali- 
ties.   The  experimental  orchard  had  been  under  clean  cultivation  dur- 
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ing  the  summers  preceding  the  cold  winters.  Harrowing  was  discon- 
tinued, however,  in  early  August,  and  the  land  left  unstirred  during 
the  rest  of  the  season,  so  that  the  trees  might  cease  growth,  ripen  their 
wood,  and  harden  and  toughen  their  tissues  in  preparation  for  winter 
vicissitudes.  To  all  appearances  these  ends  were  secured  and  the 
trees  appeared  to  be  in  good  condition  to  pass  the  winter.  Fall  and 
early  winter  weather  in  Burlington  were  favorable  for  the  trees. 

Winter  injury  is  diversely  manifested.  Extreme  cold  weather 
may  cause  longitudinal  cracks  in  the  trunk,  crotch  canker,  dead  buds 
or  twigs,  the  partial  or  complete  death  of  limbs  or  the  death  of  the 
entire  tree  after  an  interval  of  some  weeks  or  months.  Most  of  these 
results  occurred  with  the  varieties  that  showed  winter  injury. 

Baldwin,  King,  Fallawater  and  Spitzenburg  were  most  severely 
injured.  Five  Baldwin  trees  were  scattered  through  the  orchard,  ac- 
cording to  the  planting  plan,  hence  the  condition  or  nature  of  the  soil 
in  any  one  spot  could  hardly  have  been  the  cause  of  injury,  or  have 
predisposed  the  variety  to  winter  killing  because  of  location.  No 
one  of  the  trees  was  killed  outright  or  so  injured  that  death  ensued 
at  a  later  time;  but  three  were  removed  in  1919,  badly  injured,  with 
several  dead  limbs  and  some  dead  areas  on  the  scaffold  limbs  and 
trunks.  The  fourth  tree  was  in  bad  shape,  a  year  later,  though  far 
from  being  dead.  The  fifth  tree  was  unharmed,  sound,  healthy  and 
bearing  in  1920.  Baldwins  suffered  severely  in  Grand  Isle  County, 
whereas  in  Addison  County,  for  the  most  part,  they  were  not  hurt. 
Differences  in  cultural  and  soil  conditions  undoubtedly  account  for 
this  seeming  discrepancy. 

The  two  King  trees  suffered  severely.  They  were  centrally  located 
in  the  orchard  and  were  in  good  condition  in  the  fall  of  1917.  Despite 
the  small  numbers,  the  circumstances  attending  their  injury  and  early 
death  were  such  as  to  leave  no  doubt  in  the  writer's  mind  as  to  their 
inability  to  withstand  such  low  temperatures  under  the  conditions 
prevailing  in  Burlington  during  the  winters  of  1916  to  1918,  inclusive. 

The  six  Spitzenburg  trees  were  badly  injured.  They  were  planted 
in  different  areas  in  the  orchard  and  under  slightly  different  soil, 
structural  and  cultural  conditions  but,  notwithstanding,  the  injuries  were 
quite  uniform.  Despite  two  years  of  good  care  they  were  unable  to 
recover. 

The  Sutton  and  Twenty  Ounce  trees  were  injured  beyond  re- 
covery.    Not  a  single  tree  of  either  variety  was  worth  retaining  in 
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the  orchard  after  1919,  except  in  order  to  ascertain  the  final  effect 
of  winter  injury,  which  was  disastrous. 

Fallawater  and  Rhode  Island  Greening  did  not  show  decisive  re- 
sults. There  were  four  Fallawater  trees  in  the  orchard,  but  only  two 
of  them  were  in  the  15-year  experiment.  The  two  in  the  trial  were 
injured  quite  severely  but  not  killed,  while  the  other  two  trees,  grow- 
ing near  by,  were  absolutely  unharmed.  The  Rhode  Island  Greening 
trees  showed  different  degrees  of  injury.  Two  trees  were  badly  hurt, 
two  others  showed  crotch  injury  which,  later,  developed  Into  control- 
lable cankers,  while  the  remainder  were  unharmed.  Some  of  these  were 
small  trees,  and  some  were  pedigree  plants  and  not  in  the  experiment. 
but  all  were  within  the  orchard  area  and  subjected  to  the  same  cultural 
treatment. 

The  Northern  Spy  trees  were  not  injured.  In  some  parts  of  the 
State  both  large  and  small  trees  of  this  variety  were  reported  as  being 
badly  injured. 

In  view  of  the  lack  of  resistance  to  such  severe  weather  as  oc- 
curred in  1917-18  and  1918-19,  and  since  such  temperatures  may  recur 
at  more  or  less  frequent  intervals,  it  is  the  writer's  opinion  that  it  is 
unsafe  to  plant  such  varieties  as  are  shown  by  this  experiment  to  have 
sustained  serious  injury  in  locations  analogous  to  that  on  which  the 
station  orchard  was  placed. 

The  other  33  varieties  listed  elsewhere  in  tables  I  and  VIII  (pages 
10  and  32)  on  yields  and  storage  were  uninjured  during  these  severe 
winters.  It  is  remarkable  not  that  a  few  died  but,  rather,  that  so  many 
survived,  and  that  so  many  apple  trees  of  different  varieties  were  able 
to  endure  a  winter  temperature  of  — 28**  and  remain  unimpaired  as  to 
fruit  production.  Conditions  of  soil  or  location  may  exist  or  of  hardi- 
ness of  stock,  for  instance,  where  the  Baldwin  or  some  other  varieties 
may  be  successfully  grown,  but  if  so  such  in  all  probability  should  be 
viewed  as  exceptions  to  the  rule. 

As  a  result  of  a  survey  of  winter  injury  throughout  the  State,  the 
following  statement  was  made  by  the  writer  in  November,  1918,  before 
the  annual  meeting  of  the  Vermont  State  Horticultural  Society: 

"Winter  injury  to  fruit  trees  in  Vermont  during  the  season  of  1917- 
18  was  quite  extensive  throughout  the  State,  although  the  earlier  reports 
.seemed  to  indicate  that  greater  harm  had  been  done  than  had  really 
been  the  case.  Newspaper  reports  are  often  exaggerated.  However, 
the  surprising  thing  is  not  that  there  was  some  injury,  but  that  there 
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was  not  more  than  actually  occurred.  As  far  as  can  be  ascertained  the 
injury  was  about  the  same  in  various  parts  of  the  State  in  proportion 
to  the  number  of  trees  in  the  respective  areas.  The  varieties  that  were 
most  severely  injured  were  the  Baldwin,  Ben  Davis,  Pewaukee,  Spitz- 
enburg  and  Northern  Spy.  Recent  plantings  in  a  few  instances  of 
Mcintosh  and  Northern  Spy  were  also  seriously  injured, 

"In  a  few  instances  small  trees  were  seriously  injured,  due  pri- 
marily to  the  recent  setting  and,  perhaps,  to  the  inability  of  the  roots  to 
become  firthly  established  in  the  subsoil.  In  many  places  the  trees 
were  most  injured  which  bore  heavily  in  the  season  of  1917.  A  pos- 
sible explanation  is  that  the  trees  were  somewhat  exhausted  and  that 
food  needed  for  recovery  was  consumed  in  maturing  a  crop  the  preced- 
ing season. 

"In  other  cases  the  injury  to  such  varieties  as  Spitzenburg,  Pewau- 
kee and  Ben  Davis  was  thought  to  be  due  to  the  late  rains  which  were 
accompanied  by  warm  weather,  factors  which  hindered  the  trees  from 
becoming  toughened  and  hardened  for  winter.  Whenever  trees  go 
into  the  winter  in  an  immature  condition  there  is  likely  to  be  winter 
injury  even  though  the  temperatures  are  not  unusually  severe. 

"In  other  cases  the  winter  injury  was  only  temporary,  in  which 
cases  it  affected  the  twigs  and  buds.  In  the  case  of  the  Northern  Spy 
it  is  reported  that  there  was  scarcely  a  crop  anywhere  in  New  England 
in  1918  but  there  were  very  few  cases  reported  where  the  trees  were 
entirely  killed. 

"In  other  instances  the  winter  injury  was  greatest  in  exposed 
places,  or  where  trees  were  set  in  rather  shallow  soil.  Cold  air  is  dry, 
and,  unless  the  trees  can  get  water  from  the  soil  to  make  good  the 
loss  by  evaporation,  the  death  of  live  tissue  is  likely  to  ensue. 

"In  many  cases  the  greatest  injury  was  among  cider  apple  trees, 
already  weakened  by  insect  injuries  and  sick  with  canker.  Such 
neglected  trees  naturally  succumb  to  severe  winter  weather.  It  will  be 
a  blessing  to  get  rid  of  these  old  trees,  for  they  are  a  menace." 

Reports  as  to  resistance  and  tolerance  of  varieties  in  different  parts 
of  the  State  were  discordant.  Some  reported  injury  to  Rhode  Island 
Greenings,  others  none  at  all ;  some  found  Ben  Davis  very  susceptible, 
although  it  was  perfectly  hardy  at  the  Station ;  in  other  places  not  far 
from  Burlington,  the  Baldwin  was  not  injured.  Reports  of  this  nature 
were  to  be  expected,  for  diverse  conditions  of  culture  or  soil  or  of 
weather  might  explain  the  different  results. 
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It  is  worth  recording  in  connection  with  the  study  of  winter 
tolerance  that  two  of  the  newer  varieties,  Winter  Banana  and  Delicious, 
were  reported  as  uninjured,  or  only  slightly  so,  even  when  grown  as 
far  north  and  east  as  Danville,  and  as  far  north  and  west  as  Grand 
Isle,  escaping  the  havoc  wrought  to  many  other  sorts  in  those  sections 
during  the  cold  waves. 

The  possibility  of  winter  injury  must  always  be  one  of  the  gravest 
risks  of  the  fruit  grower.  Winter  weather  of  great  severity  is  beyond 
control.  Aside  from  selecting  hardy  varieties,  and  choosing  sites  with 
due  attention  to  local  protection,  there  are  certain  matters  which  should 
be  borne  in  mind  in  orchard  operations  in  Vermont.  They  may  be 
listed  as  follows : 

1.  Late  summer  or  fall  plowing,  harrowing  and  fertilizing  tend  to 
encourage  late  growth  and  to  hinder  the  ripening  and  maturing  of 
woody  tissue,  especially  of  the  buds  and  twigs. 

2.  Poor  drainage  induces  winter  injury.  Wet  lands,  Hke  late 
culture,  delay  the  ripening  of  tissues. 

3.  Low  areas  with  poor  air  drainage  are  subject  to  winter  injury. 
Hillside  orchards  are  conspicuously  free  from  winter  injury. 

4.  Midsummer  cover  crops  that  use  food  and  moisture,  diverting 
it  from  the  trees,  tend  to  lessen  injury  since  they  hasten  dormancy  of 
buds  and  twigs. 

The  character,  in  detail,  of  winter  injury  is  still  somewhat  obscure 
and  exhibits  several  phases.  It  may  be  due  to  the  withdrawal  of  so 
much  moisture  from  the  twigs  that  death  of  the  tissues  ensues  by  desic- 
cation, the  drying  out  of  live  cells.  Cold  air  is  dry  and  cold  waves  are 
windy  ones.  The  twigs  lose  moisture  beyond  their  ability  to  recover. 
In  other  cases  the  injury  takes  the  form  of  frost  cracks  due  to  the 
freezing  and  expansion  of  tissue  water.  In  still  other  cases  death 
results  from  absolute  low  temperature  which  certain  plants,  or  varie- 
ties, cannot  withstand. 

The  treatment  of  winter  injured  trees  depends  on  the  degree  of 
mjury,  extermination  for  dead  trees,  moderate  pruning  for  trees  with 
only  local  injuries,  since  dead  limbs  are  not  only  useless  but  detrimental 
and,  finally,  immediate  and  general  good  care  in  the  spring  and  summer. 

With  respect  to  the  avoidance  of  winter  injury  it  is  suggested: 

1.  That  more  attention  be  given  to  hardy  varieties. 

2.  That  better  air  and  soil  drainage  be  secured,  choosing  high 
rather  than  low  areas  for  orchards. 
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3.  That  all  late  summer  cultural  practices  that  stimulate  and 
induce  late  growth  and  hinder  the  maturity  of  buds  and  twigs  be  dis- 
continued. 

Tolerance  in  Storage 

Storage  tests  were  conducted  with  36  varieties  during  three  sea- 
sons: 1916-17,  1917-18  and  1919-20.  The  main  object  of  the  tests  was 
to  ascertain  the  comparative  endurance  of  different  varieties  under 
recorded  conditions  of  temperature  and  humidity.  Seven-day  thermo- 
graph and  hygrograph  instruments  were  installed  in  the  storage  room 
which  recorded  dial  readings  every  two  hours  from  late  August  of 
one  year  until  early  August  of  the  next  season. 

The  storage  room  was  located  in  a  concrete  basement,  such  as 
many  farmers  possess  or  may  construct.  The  conditions  of  humidity 
and  temperature  were  under  close  control.  No  attempt  was  made  to 
produce  or  to  maintain  warehouse  conditions.  No  artificial  cooling 
was  provided  or  desired.  The  room  was  dark,  moist  and  cool  most 
of  the  time.  A  humid  atmosphere  was  secured  and  maintained  by 
means  of  exposed  surfaces  of  water  in  tubs  or  by  sprinkling  water  on 
the  concrete  cellar  bottom.  The  humidity  designedly  was  kept  rela- 
tively high,  but  the  temperature  was  kept  low  most  of  the  time  by 
means  of  ventilation  with  windows  near  the  ground  and  by  their 
closure  during  warm  days,  especially  in  the  fall  and  again  in  the  spring. 
In  the  severe  midwinter  weather,  protection  against  freezing  was 
secured  by  the  use  of  oil  stoves.  Harmful  thermometric  extremes  were 
thus  avoided.  Winter  temperatures  were  never  too  low,  although  sum- 
mer temperatures  were  often  too  high  for  the  maximum  preservation ; 
but  these  extremes  are  factors  which  any  farmer  will  encounter  in  his 
own  storage  operations.  Obviously  the  conditions  in  the  storage  room 
approximated  those  found  on  many  Vermont  farms. 

Much  care  was  exercised  in  handling  the  fruit.  The  specimens 
used  for  storage  trials  were  carefully  removed  from  the  trees  at 
nearly  if  not  quite  the  correct  picking  time,  and  carried,  not  carted,  to 
the  storeroom  where  they  were  gently  placed  on  enamel  ware  plates 
which  were  arranged  on  shelves  in  the  basement  closet.  If  a  specimen 
was  bumped,  scratched  or  dented  in  the  handling,  it  was  discarded. 
Only  physically  perfect  apples  were  used.  This  fact  may  explain  in 
part  the  extreme  tolerance  of  many  varieties  although  this  was  only 
one  of  many  factors  that  permitted  long  preservation.  The  premature 
deterioration  of  many  fruits  has  long  been  recognized  as  due  to  careless 
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handling.  Some  people  who  fail  to  recognize  this  fact  doubtless 
sustain  much  loss  by  it  as  a  result  of  their  lack  of  attention  to  this  detail. 

The  apples  were  carefully  examined  each  week  in  order  to  ob- 
serve the  rate  of  deterioration  and  to  remove  all  decaying  specimens. 
Ordinarily,  10  apples  were  used  to  represent  each  variety  on  each  plate 
and  duplicate  plates  were  provided.  The  test  of  any  variety  was  dis- 
continued when  60  percent  of  the  specimens  had  begun  to  decay. 

The  details  of  the  story  of  varietal  tolerance  are  given  in  tables 
VII  to  XI.  These  show  the  date  of  storing,  the  end  of  storage  for 
each  variety,  the  days  of  tolerance,  the  total  heat  units,  the  average, 
maximum  and  minimum  temperatures  and  humidities  for  each  variety 
for  its  period.  The  tabular  arrangement  proceeds  from  the  least 
tolerant  to  the  most  tolerant  varieties.  The  column  headed  "total 
units"  is  the  summary  of  all  the  readings  at  two-hour  periods  for  the 
time  covered  by  each  variety  in  storage.  The  average  temperatures 
and  humidities  were  obtained  by  dividing  the  number  of  two-hour 
counts  by  the  total  degrees  credited  to  each  variety.  The  highest  and 
lowest  temperature  figures  are  inserted  to  show  the  range  for  each 
period. 

Let  us  note  the  records  of  the  three  most  tolerant  varieties  of 
each  year. 

In  1916-17  Mann  kept  from  October  3  to  September  10,  a  period 
of  342  days.  The  total  heat  units  as  secured  from  the  two-hour  dial 
readings  for  Mann  amounted  to  215,724,  minimum,  maximum  and 
average  temperatures  being  respectively  33®,  80°  and  53°  F. 

In  1917-18  Baldwin  kept  from  October  6  until  August  5,  a  period 
of  303  days.  The  total  heat  units  from  the  two-hour  readings  for 
Baldwin  amounted  to  181,946,  and  minimum,  maximum  and  average 
temperatures  were  32°,  78°  and  50°  F.  The  humidity  records  for 
Baldwin  were  incomplete,  since  the  instrument  was  not  installed  till 
a  week  after  this  variety  was  stored,  but  they  resembled  those  for 
Sutton,  its  near  competitor.  The  figures  are  those  for  relative  humidity 
and  represent  the  percent  of  saturation. 

In  1919-20  Mann  outranked  its  32  competitors.  It  was  put  in 
storage  September  18  and  kept  until  August  9,  a  period  of  326  days. 
The  total  heat  units  for  the  period  amounted  to  200,333,  minimum, 
maximum  and  average  temperatures  being  30°,  82°  and  51°  F.  The 
high  average  here  was  due  to  the  long  summer  time  of  high  tempera- 
ture. The  total  humidity  units  for  Mann  were  258,135,  with  a  mini- 
mum of  39°,  a  maximum  of  83°,  but  an  average  of  66°.    The  ex- 
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trciucs  in  percent  of  moisture  were  only  temporary  and  were  caused 
by  the  ventilation  of  the  room. 

The  endurance  of  each  variety  in  the  experiments  can  be  ascer- 
tained by  reference  to  the  tables,  from  which  comparisons  may  be  made. 


Chabt  V — Sevea-day  dial  sheets  from  thermograpli  and  bygrograph  Inatru- 
menta,  showing  temperatures  and  humldlt;  records  for  the  weeks  ending 
Oct.  20,  1919.  Jan.  6,  1920.  April  19,  1920. 

With  respect  to  temperature  it  is  seen  that  in  general  the  averages  are 
located  mostly  in  the  forties.  Sliiawassee  and  Hass  in  1919-20  were 
cxjjoscd  to  an  average  temperature  of  42°,  Ben  Davis  and  Sutton  51°, 
jmd  Mann  57°.  During  this  season  temperatures  ranged  from  82°  to 
30° ;  the  latter  prevaihng  for  only  a  few  hours  in  midwinter,  the 
former  during  a  period  in  July.  The  temperature  during  the  winter 
months  was  very  uniform  as  the  entirely  typical  photograph  of  a  week 
of  considerable  extremes  of  winter  temperature  would  indicate. 

The  humidity  data  on  the  dials  show  many  fluctuations  of  short 
duration,  most  of  which  were  due  to  the  necessary  ventilation  of  the 
fruit  room.     The  greatest  humidity  of  the  1917-18  season  which  oc- 
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curred  in  February  was  96° ;  in  1919-20  it  was  83°  and  occurred  in 
November.  The  lowest  humidity  which  occurred  in  April,  1917-18 
was  67°,  and  in  1919-20,  the  lowest  was  39°  which  occurred  in  May. 
The  average  humidity  data  for  diflferent  varieties  necessarily  are  unlike, 
inasmuch  as  there  were  differences  either  in  the  date  for  the  beginning 
or  the  ending  of  the  period  for  each  variety. 

The  variations  from  month  to  month  for  the  season  of  1919-20 
arc  shown  in  table  VI.    The  records  are  quite  typical  of  those  of  other 

years. 

TABI2  VI — ^Variations  of  Tempebatube  and  Humidity 

STORAGE  SEASON   1919-1920 

Temperature  Humidity 

Month 


Low  High  Low  High 


August   62  76 

September 65  72 

October 47  75 

November    32  51 

December 30  45 

January  30  39 

flebmary   30  41 


65 

77 

64 

82 

64 

82 

70 

83 

70 

81 

58 

73 

58 

73 

59 

77 

60 

71 

39 

80 

45 

78 

47 

52 

40 

50 

March 35  57 

April 39  58 

May 45  78 

Jane   62  78 

July    70  82 

August   71  80 


30 
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Tabus  VII — Vabiety  Tolerance  in  Storage,  1916-17 


M.  ji  ■  »  ■  Ma 

» **i 

kAi  ^fmi£      ^^'^ 

•o 

1 

CQ 

!? 

c 
o 

Temperature 

Variety 

00 

AS 

4-1 

CD 
9) 

♦J 

CQ 

1 

I 

i 

rt 

u 

bfi 

0) 

0 

p 

o 

5 

5 

o 

Red  ARtrachan 

Aug. 

24 

Sept. 

28 

35 

27,180 

66 

76 

54 

Longfield 

Sept. 

16 

Feb. 

2 

130 

70,650 

45 

72 

33 

McMahon 

Sept  29 

Feb. 

28 

152 

80,215 

44 

70 

33 

Gravenstein 

Sept. 

29 

Mar. 

1 

153 

80,780 

44 

70 

33 

St.  Lawrence 

Sept 

20 

Feb. 

20 

153 

82,987 

46 

72 

33 

Haas 

Sept. 

20 

Mar. 

26 

187 

101,802 

45 

72 

33 

Spitzenburg 

Oct 

17 

May- 

16 

211 

119,270 

47 

62 

33 

Mcintosh 

Oct 

2 

May 

10 

220 

120,547 

46 

67 

33 

Twenty  Ounce 

Sept  29 

May 

16 

229 

126,626 

46 

70 

33 

N.  W.  Greening 

Oct 

12 

June 

1 

232 

127,627 

46 

62 

33 

Patten  Greening 

Sept. 

29 

May 

22 

236 

130,569 

47 

70 

33 

Y.  Bellflower 

Oct. 

11 

June 

7 

239 

132,509 

46^ 

62 

33 

Wealthy 

Sept 

20 

Vay 

16 

238 

133,657 

47 

72 

33 

Fallawater 

Oct. 

17 

June 

7 

233 

133,856 

48 

62 

33 

Sutton 

Oct 

12 

June 

10 

241 

133,993 

46 

62 

33 

Shiawassee 

Oct. 

2 

June 

1 

242 

134,900 

46 

67 

33 

Baldwin 

Oct 

12 

June 

11 

242 

135,419 

47 

62 

33 

Fameuse 

Sept  29 

May 

30 

243 

135,672 

47 

70 

33 

Golden  Russet 

Oct. 

4 

June 

7 

246 

138,326 

47 

67 

33 

R.  I.  Greening 

Oct. 

2 

June 

10 

251 

141.266 

47 

67 

33 

Hubbardston 

Oct. 

12 

June 

20 

261 

142,024 

47 

65 

33 

Pumpkin   Sweet 

Sept. 

28 

June 

7 

252 

142,053 

47 

72 

33 

Northern  Spy 

Oct 

11 

June 

20 

252 

142,700 

47 

65 

33 

Pewaukee 

Sept. 

28 

June 

11 

256 

145,639 

47 

72 

33 

Bismarck 

Oct. 

12 

June 

27 

258 

147,447 

48 

65 

33 

Tolman 

Oct 

1 

June 

20 

262 

149,968 

48 

67 

33 

Wolf  River 

Sept. 

28 

June 

20 

265 

152,244 

48 

72 

33 

Boiken 

Oct. 

12 

July 

9 

270 

156,855 

48 

70 

33 

Scott 

Oct. 

12 

July 

17 

278 

163,277 

48 

71 

33 

Jonathan 

Oct. 

2 

July 

17 

288 

170,550 

49 

67 

33 

King 

Sept 

28 

July 

17 

292 

173,497 

50 

72 

33 

Westfield 

Sept. 

28 

Aug. 

10 

318 

195,841 

51 

80 

33 

Ben  Davis 

Oct 

17 

Sept 

4 

322 

206,605 

53 

80 

33 

Mann 

Oct. 

3 

Sept. 

10 

342 

215,724 

53 

80 

33 
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Table  VIII — Vawbty  Tolerance  in  Stobage,  1917-18 


80 

•0 

Temperature 

Humidity 

3 

5 

Variety 

1 

o 
m 

s 

c 
o 

g 

Q 

Total  uni 

1 

1^ 

is 

1 

1 

1 

3 

9 

9) 

(0 

1, 

bo 

3 

Red  Astrachan 

Aug. 

24 

Oct. 

3 

40 

30,381 

63 

74 

50 

•     • 

•    • 

•  • 

Ijon^&eld 

Oct. 

13 

Mar. 

15 

153 

78,117 

43 

61 

32 

160.031 

87 

96 

76 

Roman  Stem 

Oct. 

13 

Mar. 

15 

153 

78.117 

43 

61 

32 

160.031 

87 

96 

76 

St.  Lawrence 

Oct. 

3 

Mar. 

15 

163 

84,809 

43 

60 

32 

•  • 

•   • 

•  • 

Fameuse 

Nov. 

15 

May 

13 

179 

90.949 

47 

62 

32 

181,63i 

85 

96 

67 

Twenty  Ounce 

Oct. 

13 

Apr. 

10 

179 

92.074 

43 

61 

32 

185,986 

87 

96 

70 

Mcintosh 

Nov. 

15 

May 

22 

188 

97,568 

43 

65 

32 

190,888 

85 

96 

67 

Tolman 

Nov. 

15 

May 

22 

188 

97.568 

43 

65 

32 

190,888 

85 

96 

67 

Scott 

Oct. 

13 

May 

20 

219 

116.911 

45 

65 

32 

223,763 

85 

96 

67 

Wealthy 

Oct. 

6 

May 

15 

221 

118.484 

45 

62 

32 

•  • 

■  • 

•  ■ 

R.  I.  Greening 

Nov. 

15 

June 

20 

217 

119.236 

46 

64 

32 

222.393 

85 

96 

67 

Shiawassee 

Oct. 

13 

June 

1 

231 

125.916 

45 

64 

32 

236,681 

85 

96 

67 

Pumpkin   Sweet 

Oct. 

13 

June 

1 

231 

125,916 

45 

64 

32 

236,681 

85 

96 

67 

Jonathan 

Nov. 

16 

July 

1 

227 

126.795 

47 

70 

32 

230,005 

84 

96 

67 

Arctic 

Nov. 

15 

July 

1 

228 

127,275 

47 

70 

32 

234,095 

86 

96 

67 

V.  Bellflower 

Oct. 

13 

June 

5 

235 

129,046 

46 

78 

32 

241.019 

86 

96 

67 

Ren   Davis 

Oct. 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

Bismarck 

Oct 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

Pallawater 

Oct. 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

Haas 

Oct 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

Hubbardston 

Oct. 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

King 

Oct. 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

N,  W.  Greening 

Oct. 

13 

June 

20 

250 

140,132 

.47 

64 

32 

257,380 

86 

96 

67 

Spit7.ejiburg 

Oct 

13 

June 

20 

250 

140,132 

47 

64 

32 

257,380 

86 

96 

67 

Pewaukee 

Oct. 

6 

June 

20 

257 

144.837 

47 

68 

32 

•  ■ 

•  • 

•  • 

Golden   Russet 

Oct. 

13 

July 

1 

261 

148.261 

47 

70 

32 

269,682 

86 

96 

67 

Boiken 

Oct. 

13 

July 

28 

288 

170.531 

49 

72 

32 

297,500 

86 

96 

67 

Northern  Spy 

Oct. 

13 

July 

28 

288 

170.531 

49 

72 

32 

297,500 

86 

96 

67 

Wolf  River 

Oct 

6 

July 

28 

295 

175,239 

50 

77 

32 

•  • 

•  • 

•  « 

Mann 

Oct 

13 

Aug. 

5 

296 

177,238 

50 

78 

32 

305,47i 

86 

96 

67 

Westfield 

Oct. 

13 

Aug. 

5 

296 

177,238 

50 

78 

32 

305.471 

86 

96 

67 

Sutton 

Oct 

13 

Aug. 

5 

296 

177,238 

50 

78 

32 

305.471 

86 

96 

67 

Baldwin 

Oct. 

6 

Aug. 

5 

303 

181.946 

50 

78 

32 

. . 

•  • 

•  • 

32 
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Table  IX — Vabiety  Tolerance  in  Stobaqb,  1919-20 


1 

Temperature 

Humidity 

a 

s 

Variety 

"2 
i 

3 

9 

4) 

4-* 

a 

9 

1 

IP 

« 

9 

S 

:3 

S 

> 
< 

s 

3 

o 

H 

> 
< 

s 

3 

Twenty  Ounce 

Sept. 

15 

Feb. 

9 

144 

73,895 

43 

75 

30 

127,126 

74 

83 

58 

Oldenburg 

July 

29 

Nov. 

19 

113 

78,320 

58 

76 

37 

101.111 

75 

83 

64 

Haas 

Sept. 

18 

Mar. 

17 

181 

91,244 

42 

75 

30 

158,872 

73 

83 

58 

Pumpkin  Sweet 

Sept. 

17 

Mar. 

17 

182 

91.763 

42 

75 

30 

159,768 

73 

83 

58 

Patten 

Sept. 

17 

Apr. 

1 

197 

100,274 

42 

75 

30 

171,636 

73 

83 

58 

Shiawassee 

Sept. 

18 

Apr. 

2 

197 

100,323 

42 

75 

30 

171,528 

73 

83 

58 

Wealthy 

Sept. 

16 

Apr. 

1 

198 

100,987 

42 

75 

30 

172,332 

73 

83 

58 

Longfield 

Sept. 

5 

Apr. 

1 

209 

108,650 

43 

75 

30 

181,558 

72 

83 

58 

McMahon 

Sept. 

5 

Apr. 

2 

210 

109,218 

43 

75 

30 

182,346 

72 

83 

58 

Cooper 

Sept. 

16 

May 

1 

228 

118,311 

43 

75 

30 

195,576 

71 

83 

58 

St.   lAwrence 

Sept. 

16 

May 

1 

228 

118,311 

43 

75 

30 

195,575 

71 

83 

58 

Northern  Spy 

Sept. 

19 

May 

15 

239 

125,401 

44 

75 

30 

201,633 

70 

83 

39 

Bismarck 

Sept. 

18 

May 

15 

240 

126,160 

44 

75 

30 

202,491 

70 

83 

39 

Arctic 

Sept. 

18 

May 

19 

244 

129,044 

44 

75 

30 

205.483 

70 

83 

39 

Fameuse 

Sept. 

18 

May 

31 

256 

138,261 

45 

78 

30 

215,428 

70 

83 

39 

Golden  Russet 

Sept. 

18 

May 

31 

256 

138,261 

45 

78 

30 

215,428 

70 

83 

39 

R.   I.  Greening 

Sept. 

19 

June 

1 

256 

138,490 

45 

78 

30 

215,563 

70 

83 

39 

Mcintosh 

Sept. 

18 

June 

7 

263 

144,104 

46 

78 

30 

221.381 

70 

83 

39 

Wolf  River 

Sept. 

18 

June 

7 

263 

144,104 

46 

78 

30 

221,381 

70 

83 

39 

King 

Sept. 

19 

June 

9 

274 

153.602 

47 

75 

30 

227,612 

69 

83 

39 

Boiken 

Sept. 

18 

June 

19 

275 

154,361 

48 

78 

30 

228,470 

71 

83 

39 

Pewaukee 

Sept. 

18 

June 

19 

275 

154,361 

48 

78 

30 

228,470 

71 

83 

39 

Westfield 

Sept. 

18 

June 

19 

275 

154,361 

48 

78 

30 

228.470 

71 

83 

39 

Scott 

Sept. 

19 

June 

29 

284 

162.104 

48 

78 

30 

233,333 

68 

83 

39 

Spitzenburg 

Sept. 

20 

July 

14 

298 

174.783 

49-  80 

30 

241,294 

67 

83 

39 

Y.  Bellflower 

Sept. 

19 

July 

14 

299 

175.643 

49 

80 

30 

242,364 

68 

83 

39 

Baldwin 

Sept. 

19 

July 

14 

299 

175,643 

49 

80 

30 

242,364 

68 

83 

39 

Tolman 

Sept. 

18 

July 

14 

300 

176,402 

49 

80 

30 

243,222 

68 

83 

39 

Rome 

Sept. 

18 

July 

14 

300 

176,402 

49 

80 

30 

243,222 

68 

83 

39 

Fallawater 

Sept. 

19 

July 

19 

304 

180,422 

49 

82 

30 

245,215 

67 

83 

39 

Ben  Davis 

Sept. 

18 

Aug. 

2 

319 

193,835 

51 

82 

30 

254,156 

66 

83 

39 

Sutton 

Sept. 

18 

Aug. 

2 

319 

193,835 

51 

82 

30 

254,156 

66 

83 

39 

Mann 

Sept. 

18 

Aug. 

9 

326 

200.333 

51 

82 

30 

258.135 

66 

83 

39 
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Table  X — ^Number  of  Days  in  Stobaoe 

WITH  THREE-TEAB  AVERAGE 

Variety  1916-17         1917-18        1919-20  Total  Average 

Red  Astrachan    35 

Longfield    130 

SL  Lawrence   153 

Twenty  Ounce  229 

Haas    187 

Wealthy   238 

Pumpkin   Sweet    252 

Shiawassee    242 

Mcintosh    220 

Famense    243 

Arctic 

N.  W.  Greening 232 

R.  I.  Greening 251 

Bismarck 258 

Tolman 262 

Golden  Russet 246 

Hubbardston 251 

Spitzenburg 211 

Jonathan    288 

Y.  Bellflower 239 

Northern  Spy 252 

Scott   278 

Fallawater    233 

Pewaukee    256 

King   292 

Wolf  River  265 

Baldwin  242 

Sutton 241 

Boiken    270 

Westileld   318 

Ben  Davis 322 

Mann    342 


Progress  of  Decay  . 

The  subjoined  tables  show  the  relative  endurance  of  many  varieties 
up  to  the  time  of  decay  of  the  first  specimen  in  the  variety  lot.  With 
the  original  weight  given,  and  the  weight  of  the  lot  at  the  time  of  re- 
moval of  the  first  decayed  specimen,  it  has  been  possible  to  compute 
the  loss  of  weight  in  grams  and  the  percentage  of  loss  up  to  the  time 
noted.  It  is  important  to  note  how  small  the  shrinkages  were,  for 
this  attests  to  the  favorable  condition  of  storage.  Since  it  was  de- 
cided that  when  60  percent  of  the  apples  in  any  variety  lot  showed 
conspicuous  decay,  the  arrival  of  that  condition  of  affairs  marked  the 
end  for  that  variety.  It  is  seen  how  long  was  the  interim  between  the 
inauguration  of  the  storage  period  and  the  first  decay  and,  likewise, 
between  the  first  decay  and  the  60  percent  decay  for  any  variety. 

Haas  showed  the  first  symptoms  of  decay  in  33  days,  St.  Lawrence 
in  35,  Baldwin  in  94,  R.  I.  Greening  in  135,  Fameuse  in  144,  Mcintosh 


40 

•  •  • 

75 

38 

153 

209 

492 

164 

163 

228 

544 

181 

179 

144 

552 

184 

250 

181 

618 

206 

221 

198 

657 

219 

231 

182 

665 

222 

231 

197 

760 

223 

188 

263 

671 

224 

179 

256 

678 

226 

228 

244 

472 

236 

250 

•  •  ■ 

482 

241 

217 

256 

724 

241 

250 

240 

748 

249 

188 

300 

750 

250 

261 

256 

753 

251 

250 

•  •  • 

501 

251 

250 

298 

759 

253 

227 

•  •  ■ 

515 

258 

235 

299 

773 

258 

288 

239 

779 

260 

219 

284 

781 

260 

250 

304 

787 

262 

257 

275 

788 

263 

250 

274 

816 

272 

295 

263 

823 

274 

303 

299 

844 

281 

296 

319 

856 

285 

288 

275 

883 

294 

296 

275 

889 

296 

250 

319 

891 

297 

296 

326 

964 

321 

34 
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in  181,  Wealthy  in  183,  Northern  Spy  in  225  and  Ben  Davis  in  275 
days.  With  respect  to  the  interim  from  the  first  signs  of  decay  and 
its  extent  to  60  percent,  the  period  ranged  from  12  days  for  Boiken 
to  205  days  for  Baldwin.  Obviously  the  first  appearance  of  decay 
may  or  may  not  be  significant,  depending  upon  the  variety  under  con- 
sideration. With  Pewaukee  and  Boiken,  for  instance,  the  first  sign  of 
rot  is  to  be  considered  as  a  warning  that  the  end  is  near;  but  with 
Baldwins  and  Greenings  one  need  not  get  alarmed  at  a  few  decay 
spots,  since  these  varieties  may  be  slow  in  passing  on  to  a  condition  of 
general  decay.  One  should  know  the  relative  endurance  of  varieties 
in  storage  and  act  in  accordance  with  that  knowledge. 

Table  XI — Decay  in  Storage,  1919-20 
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Earlier  trials  made  by  several  investigators  have  shown  how  neces- 
sary low  temperatures  and  high  humidities  are  in  the  successful  storage 
of  apples.  The  extent  to  which  it  was  possible  to  conform  to  these 
requirements  in  these  experiments  is  shown  in  the  tabulated  material 
published  herewith.  The  averages  only  can  be  accepted  as  reliable 
indices  for  storage  endurance. 

The  same  variety  of  apple  will  show  some  differences  in  storage 
capabilities  in  different  seasons.  Warehouse  men  recognize  this  fact 
and  sometimes  lose  heavily  through  the  premature  decay  of  a  given 
variety.  Farmers  who  store  apples  in  the  home  cellar  may  have  similar, 
though  less  serious,  experiences.  The  differences  must  be  attributed  in 
part  to  seasonal  vagaries  as  well  as  in  part  to  the  conditions  of  storage. 
The  climate  during  one  season  is  often  not  duplicated  in  its  successor. 
Some  conditions  are  quite  uncontrollable.  For  example,  Baldwin  in 
1916-17  kept  only  242  days,  but  in  1917-18  303  days  and  in  1919-20 
299  days,  the  average  duration  being  281  days.  St.  Lawrence,  a  fall 
apple,  showed  about  the  same  endurance  during  two  of  the  three  years, 
153,  163,  228  days,  an  average  of  181.  Mann,  which  was  an  extremely 
good  keeper,  remained  in  good  condition  during  the  three  seasons  for 
342,  296  and  325  days,  a  three-year  average  of  321  days.  The  assem- 
bled figures  on  the  subjoined  tables  show  the  number  of  days  each 
variety  kept  each  year  and  the  average  tolerance  for  the  three  years. 

The  variety  orchard  is  a  thing  of  the  past  for  commercial  purposes ; 
not,  however,  for  the  home  supply.  A  diversified  supply  of  apples  is 
highly  desirable  on  the  farm,  unless  one  can  provide  suitable  storage 
for  a  few  sorts  for  a  long  time.  Furthermore,  many  people  have  a 
definite  preference  for  certain  varieties.  One  person  prefers  Mcintosh 
or  Northern  Spy,  and  another  Greening  or  Baldwin. 

These  trials  show  that  certain  varieties  exhibit  great  endurance 
when  proper  care  is  used  in  their  harvest  and  that,  given  suitable  tem- 
perature and  humidity  conditions,  their  long  preservation  is  entirely 
feasible.  It  is  possible  to  preserve  these  varieties  from  8  to  10  months 
in  the  year  by  following  the  methods  of  careful  handling,  low  tempera- 
tures and  high  humidities,  such  as  were  employed  in  these  experiments ; 
or  by  the  use  of  the  bordeaux-sawdust  pack  described  in  Vermont 
Station  Bulletin  186,  entitled,  "Farm  Apple  Storage." 
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APPLE  CION  SELECTION  FROM  HIGH  AND  LOW  YIELD- 
ING PARENT  TREES 

Preliminary  Report 

In  1910  an  experiment  was  started  for  the  purpose  of  testing  the 
relative  merits  of  cions  derived  from  high  and  low  yielding  apple  trees. 
At  the  inception  of  the  trial  the  question  was  raised  as  to  whether  the 
yielding  propensities  of  either  heavy  or  light  bearing  trees  could  be 
projected  to  other  trees  through  the  process  of  cion  selection  and 
graftage.  In  order  to  answer  the  question  it  became  necessary  to 
secure  the  information  through  experimentation.  Consequently,  cions 
were  secured  from  mature  trees  whose  croppage  powers  for  long 
terms  of  years  were  intimately  known. 

The  varieties  used  were  Northern  Spy,  Wealthy,  Rhode  Island 
Greening,  Patten,  Red  Astrachan,  McMahon  and  Pumpkin  Sweet  and 
their  cions  were  grafted  into  trees  in  the  station  orchard  where  their 
performance  could  be  observed. 

The  Northern  Spy  cions  were  secured  in  the  orchard  of  T.  B. 
Landon  at  South  Hero,  where  there  were  two  trees  of  contrasting 
bearing  habits.  One  of  the  trees  had  borne  well  for  a  number  of  years 
and  its  fruit  was  beautiful  and  of  superior  quality.  Specimens  from 
this  tree  won  a  blue  ribbon  prize  at  one  of  the  New  England  fruit 
shows.  A  little  distance  from  this  tree  was  another  tree  which  was 
decidedly  dissimilar  in  respect  both  to  the  quality  and  the  quantity  of 
its  fruitage.  The  orchardist  stated  that  the  latter  tree  was  worthless, 
that  it  had  never  produced  more  than  a  peck  of  apples  in  any  one  year, 
and  that  even  this  small  quantity  was  of  poor  quality.  The  tree  was 
over  50  years  old  and  grew  in  good  soil.  The  two  parent  trees  were, 
therefore,  in  sharp  contrast  as  to  their  crop  producing  powers.  The 
cions  were  grafted  into  Rome  and  Oldenburg  trees. 

The  Wealthy  cions  were  secured  in  part  from  Luther  Putnam  of 
Cambridge,  in  whose  orchard  grew  two  trees  of  the  same  age  and  in 
the  same  row  but  with  contrasting  yield  records.  Conditions  of  culture 
and  environment,  as  far  as  known  and  observable,  were  alike  in  every 
particular,  and  yet  one  tree  regularly  produced  from  three  to  four 
times  as  many  apples,  both  by  count  and  by  volume,  as  did  the  other. 
Another  set  of  cions  was  furnished  by  Prof.  W.  T.  McCoun  of  the 
Central  Experimental  Farms  at  Ottawa,  Canada.  The  contributor 
stated  that  the  trees  from  which  they  were  taken  were  very  unlike  in 
bearing  habits,  one  being  high,  the  otlicr  low.     The  Wealthy  cions  were 


Pi^TE  I2f — Concrete  basement  room  used  for  storage  purposes.  Note  the 
double  doors  and  fnter-door  apace  between  them;  also  surface  of  ground 
windoirs  for  rentllatlon  and  regulation  of  temperature. 

Storage  closet  with  ahelTes  for  plates  of  apples  in  basement  room.  Note 
bygrograph.  below  at  left,  for  recording  moisture  content  of  the  air  and 
thermograph,  near  center  at  right,  for  recording  the  temperature  of  the 


Pi^TB  IV— 15-year   old   orchard;    time  to  remove  filler  tr 
Plate  V — Trees  from  which  productive  and  unproductive 
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grafted  into  Arctic,  Tetofsky,  Mann,  Yellow  Bellflower,  Yellow  Trans- 
parent and  Baldwin  trees. 

The  Pound  Sweet  cions  were  secured  from  different  places.  Some 
were  secured  from  W.  C.  Holcomb  of  Isle  La  Motte,  from  a  15-year 
old  tree  which  gave  good  crops  of  high  quality  apples,  while  others 
from  an  unproductive  tree  were  secured  of  C.  O.  Ormsbee  of  Mont- 
pelier.  These  dons  were  grafted  into  Hubbardston,  Tolman  and 
Boiken. 

The  Rhode  Island  Greening  cions  came  from  trees  in  the  orchard 
of  Arthur  Hill  at  Isle  La  Motte,  where  were  two  trees  of  different 
crop  records,  one  high,  and  one  low,  and  were  grafted  into  Arctic, 
Tolman  and  Ben  Davis. 

The  Patten  and  McMahon  cions  were  secured  from  the  Central 
Experimental  Farms  at  Ottawa,  Canada.  The  yield  records  in  both 
cases  were  in  marked  contrast.  The  cions  of  Patten  were  grafted 
into  Mcintosh,  Tetofsky  and  Alexander,  and  those  of  McMahon  into 
Arctic  trees. 

The  Red  Astrachan  cions  were  secured  from  H.  C.  Sanborn  and 
H.  P.  Cummings  of  Thetf ord ;  the  former  furnishing  the  unproductive, 
the  latter  the  productive  ones.  The  trees  from  which  the  cions  were 
taken  were  known  to  have  been  fairly  constant  in  their  fruiting  habits 
for  some  years.    These  cions  were  set  into  Arctic  trees. 

Two  hundred  and  forty-eight  cions  were  used  in  the  test.  Many 
more  than  this  number  were  set,  but  some  died  and  a  few  were  dis- 
carded as  unsuitable.  Forty-six  trees  were  grafted  with  120  cions 
from  productive  trees  and  128  from  unproductive  ones.  At  the  close 
of  the  10  year  period  (1920),  169  of  these  248  cions  had  borne,  86  of 
them  from  productive  and  83  from  unproductive  trees. 

The  following  table  gives  the  data  for  the  selected  cions  of  the 
different  varieties  and  shows  the  yield  records  of  both  the  productive 
and  the  unproductive.  The  Northern  Spy  cions  have  not  as  yet  borne 
fruit,  this  variety  being  a  tardy  bearer. 

After  the  grafted  twigs  had  become  established  a  number  of  cions 
of  each  grade  were  paired,  and  the  performance  of  each  pair  was  kept 
separate  and  recorded  for  later  use.  The  subjoined  table  shows  the 
number  of  cions  of  each  variety,  indicated  as  productive  and  unpro- 
ductive, the  number  of  fruits  produced,  and  the  weight  of  the  fruits. 
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Tabu:  XII — Yields  of  Cions  Derived  fbom  Unpboductive  and  fbom  Pboductive 

Tbees 
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The  cions  derived  from  productive  trees  have  done  no  better  as 
the  whole,  in  fact  up  to  date  they  have  done  scarcely  as  well,  as  those 
secured  from  unproductive  trees.  The  outcome  favored  the  productive 
cions  in  the  case  of  two  varieties,  Pumpkin  Sweet  and  Red  Astrachan ; 
the  unproductive  cions  in  the  case  of  two  varieties,  McMahon  and 
Patten ;  was  indeterminate  in  respect  to  two,  Rhode  Island  Greening  and 
Wealthy ;  and  no  results  were  secured  from  the  Northern  Spy,  as  they 
had  not  borne  at  all.  In  view  of  the  fact  that  in  many  cases  these 
cions  of  supposedly  different  values  were  grafted  into  the  same  variety, 
often  into  the  same  individual  trees,  eventually  a  definite  and  a  reliable 
answer  to  the  query  as  to  their  relative  values  should  be  secured  even 
though  it  is  long  delayed. 

This  report  on  cion  selection  is  merely  a  preliminary  statement. 
Another  ten  years  must  doubtless  elapse  before  sufficient  data  are  ac- 
cumulated to  warrant  one  in  drawing  valid  conclusions  as  to  the  basic 
question  involved  in  this  experiment.  However,  it  is  safe  to  say  that 
the  results  thus  far  secured,  because  of  their  inconsistency,  do  not 
justify  deduction  except  that  they  clearly  do  not  afford  affirmative 
support  to  the  cion  selection  idea. 
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SUMMARY 

Seed  selection  ezprnm^itft  were  conducted  with  the  Hubbard 
tqoa»h  to  ascertain  the  possibility  of  modifying  the  jridd  and  con- 
trolling the  quality;  statistical  studies  of  variations  were  made  to 
ahow  the  relative  influence  of  different  methods  of  pollination 
and  seed  selection;  and  data  were  compiled  to  show  the  influence 
of  seed  selection  with  open-pollinated  plants  for  a  period  of  six 
yearst  1911  to  1916;  and  with  self -pollinated  and  inter-crossed 
plants  for  four  years,  1914  to  1917. 

The  immediate  effect  of  self-poUinaticm  was  found  to  be  negli- 
gible. IntM'-crossing  was  without  apparent  effect  on  yield.  In 
both  cases  the  progeny,  which  were  the  products  of  selections  from 
high-  and  low-yielding  strains,  were  segregated  and  maintained 
with  good  contrasts  as  to  srields,  entirely  independent  of  the  method 
of  pollination.  Neither  self-pollination  nor  inter-crossing  were 
influential  in  controlling  sridd;  but  seed  selection  was  effective. 

Seed  sdections  from  open-poUinated  plants  of  high  and  low 
prododng  strains  were  made  for  the  six-year  period,  1911  to  1916. 
After  the  first  year  the  '^ghs"  were  superior  to  the  ^ows**  in 
yields,  ranging  from  26  to  102  percent,  the  maximum  being  reached 
in  the  fourth  year.  The  method  of  pollinaticm  was  ineffective,  seed 
selecliou  being  the  controlling  factor. 

Triab  made  by  three  farmers,  who  used  seed  supplied  by  the 
Station  afforded  results  comparable  to  those  obtained  on  the  sta- 
tion grounds.  ^Highs^  exceeded  ^ows^  in  the  several  instances 
1^  percentages  ranging  from  72  to  169. 

Statistical  studies  were  made  during  several  years  with  refer- 
ence to  variations  in  weight  per  vine  and  weight  per  s<|uash  under 
the  different  treatments,  and  presentments  are  made  in  tabular 
form  for  the  mean,  standard  and  average  deviations  and  coeffici^it 
<if  variability.  The  average  or  mean  for  the  'Hiigh"  increased  from 
year  to  year  until  1916,  showing  that  new  values  kept  coming  in, 


*  The  authors  are  indebted  to  A.  Parks,  station  grardener,  for  assistance  in  the 
culture  and  testing  of  squash ;  to  J.  6.  Norton  and  E.  W.  Jenkins,  former  and 
present  assistant  horticulturists,  for  assistance  in  the  computations ;  and  to  C  H. 
Jones,  station  chemist,  for  chemical  analyses. 


Urns  ettabliBhing  new  startiiig  points  in  sdiection.  The  variations 
as  shown  by  the  coefficient  were  increased  rather  than  decreased, 
again  showing  the  nugatory  effects  of  pollination.  Among  the 
'^ows"  there  was  not  much  change  until  1916,  when  there  wa» 
some  increase.  Variability  studies  with  regard  to  the  wei|^t  of 
the  individual  squashes  were  made  during  five  years.  The  data 
show  the  effect  of  seed  sdecticm  to  have  been  that  of  increasing 
the  weights  of  the  ^^bighs^  up  to  certain  limits,  except  among  the 
sdf -pollinated  fdants  where  the  ^ows**  were  found  to  be  heavier. 
The  individual  fruits  of  the  high  jrielders  were  larger. 

Correlation  computations  were  made  as  to  the  interrelations 
of  the  number  of  leaves  and  the  weight  of  fruits  per  vine.  Positive 
results  were  secured.  In  1914,  the  correlation  was  .742;  in  1915, 
.610;  in  1916,  .793;  in  1917,  .718. 

The  prolific  production  of  pollen  suggests  much  waste  of  the 
energies  of  the  plant,  as  does,  also,  the  large  number  of  late  set 
squashes  which  do  not  mature;  and  yet  such  trials  of  disbudding 
and  pruning  as  were  made  proved  of  no  avail  in  conserving  the 
energies  of  the  plant  or  in  increasing  the  yield  of  ripe  squashes. 

Hubbards  vary  much  in  quality.  Some  are  wet,  lumpy,  stringy 
and  insipid,  while  others  are  dry,  mealy,  sweet  and  ddectable;  and 
there  are  all  gradations  between  these  extremes,  and  many  dif- 
ferent combinations  of  quality  factors.  Such  characters  are  asso- 
ciated in  part  with  season,  soil  and  maturity,  and  in  part  with  the 
breed  and  its  purity  of  quality.  Quality  is  a  g^ieric  word  and  em- 
braces several  different  things,  such  as  flavor,  texture,  fibrination 
and  amount  of  moisture.  It  is  partly  a  matter  of  physical  char- 
acteristics and  partly  a  matter  of  proportional  chemical  composi- 
tion. 

Culinary  tests  were  made  during  four  seasons  based  upon 
granulation,  fibrination,  moisture,  flavor  and  general  quality.  Com- 
parative edibility  and  palatability  tests  were  made  of  952  cooked 
and  unseas<med  squashes.  Samples  were  taken  of  strains  31, 
773,  531  and  270,  which  gave  two  sets  of  contrasting  grades  of 
quality. 

Edibility  tests,  substantiated  by  chemical  analyses,  show  that 
specimens  of  good  quality  contain  more  carbohydrates  and  less 
water  and  crude  protein  than  do  those  of  poor  quality.  Tables  are 
presented  which  show  the  general  ccmiposition  of  scfuashes  from 
composite  samples,  the  proportional  amount  of  essential  ingre- 
dients by  quality  classification,  and  by  in-bred  strains.    In  gen- 


enJy  the  physical  analytes  and  edibility  tests  indicate  what  the 
rhfmieal  analysis  reveals,  namdy:  di£Ferenoes  in  the  amoont  of 
water,   crude   protein   and   carbohydrates   as   between   di£Ferent 


Foor  separate  strains — two  good,  and  two  poor — ^were  isolated 
and  grown  for  seversl  years.  Meanwhile,  edibility  tests  have 
shown  that  it  is  possible  to  project  ^ther  good  or  poor  quality  to 
■au  mi' ding  generations  vnder  conditions  of  experimental  controL 
WiduB  certain  limits,  good  squash  give  rise  to  good  quality  progeny 
and  poor  sqoash  to  poor  quality  progeny. 

A  large  percentage  of  the  oflFspring  resemble  the  parent  in 
qnality.  However,  once  good  quality  is  secured  constant  care  in 
seed  sdection  and  in  flower  manipulation  are  necessary  in  order  to 
avoid  cross-pollination  and  to  maintain  good  quality. 

*T.¥crilwit^  qnality  is  generally  associated  with  full  maturity 
and  r^eness,  a  har4  thick  shdl  and  dear  color  demarcation  be- 
tween flesh  and  shdL  EzceUent  specimens  have  a  relatively  small 
of  seeds,  not  more  than  two-thirds  as  many  as  the  poor 
Large  size  is  not  necessarily  or  usually  associated  with 
qnality,  but  full  maturity  is  imperative. 

It  ircmi  clear  that  one  may  propagate  almost  at  will  either  a 
struB  of  pocHT  quality  or  a  strain  of  good  quality,  and  that  the  char- 
actcristica  of  the  parent  squash  and  its  immediate  ancestry  in  the 
main  determine  the  grade  of  the  inrogeny.  Most  commercial  seed 
slock  is  protean  in  nature  and  cpiality;  but  by  means  of  sdf- 
fiertiKzation  and  seed  selection  good  quality  can  be  promptly 
itolated  and  a  desirable  strain  established. 


Introduction 

The  history  of  the  species  of  squash  is  more  obscure  than  that  of 
any  garden  vegetable  of  equal  importance.  American  botanists  believe 
that  some  forms  were  cultivated  by  the  Indians  and  found  by  the 
earliest  settlers  on  the  Island  of  Nantucket.  The  name  "squash"  was 
adapted  from  an  American  Indian  word  and  is  applied  in  an  indefinite 
way  to  various  plants  of  the  genus  Cucurbita.  The  application  of  the 
name  does  not  conform  to  the  specific  lines  of  the  plant.  According 
to  systemists  what  are  called  "summer  squashes"  are  mostly  varieties 
of  Cucurbita  Pepo  which  includes  the  pumpkin,  while  the  winter  varie- 
ties are  either  Cucurbita  Maxima  or  Cucurbita  Moschata.  Within  the 
species  Cucurbita  Maxima  are  found  most  winter  varieties,  such  as 
Hubbard,  Butman,  Delicious,  Warted  and  Golden  Hubbard.  The  sum- 
mer forms  may  be  classed  under  three  types:  crookneck,  scallop  and 
pineapple  squashes. 

The  origin  of  the  Hubbard  variety  is  simple  and  definite.  James 
J.  H.  Gregory,  of  Marblehead,  Mass.,  was  the  first  seedsman  to  put 
it  into  the  seed  trade  and  upon  the  market.  The  variety  was  brought 
to  his  attention  by  an  old  washerwoman  named  Hubbard,  after  whom 
he  named  it.  Gregory  claimed  that  it  resembled  a  variety  procured 
from  one  of  the  West  Indian  Islands  which  had  many  of  the  char- 
acteristics of  the  Hubbard,  although  its  shell  was  uniformly  blue  in 
color  and  its  quality  somewhat  inferior. 

The  Hubbard  mixes  freely  with  other  closely  allied  varieties,  as 
most  gardeners  know,  but  many  of  its  own  characters  are  persistent. 
It  possesses  the  ability  partially  to  free  itself  and  maintain  some  but 
not  all  of  its  varietal  characteristics  and  good  qualities.  It  has  become 
a  favorite  among  New  England  people.  It  has  many  merits.  It  pos- 
sesses a  hard,  glossy  shell  which  enhances  its  ability  to  withstand  ship- 
ment and  long  storage.  It  keeps  in  fresh  condition  with  little  difficulty. 
It  is  easily  prepared  for  the  table  and  is  excelled  by  few  vegetables  in 
nutritive  value.  Whether  steamed,  boiled,  or  baked,  it  furnishes  an 
excellent  product,  makes  good  soup,  rolls  and  muffins — a.  fact  which 
few  people  appreciate — and  squash  pie  forms  a  well  known  and  de- 
lectable dessert.  A  high  grade  Hubbard  is  surpassed  in  quality  only 
by  the  Delicious,  which  itself  is  the  product  of  a  cross  between  the 
Faxon  and  the  Hubbard,  from  the  progeny  of  which  selections  were 
made,  the  best  flavored  offspring  saved,  and  in  time  the  Delicious 
developed  and  established. 
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Notwithstanding  its  excellent  qualities  and  general  persistence  of 
type  the  Hubbard  has  greatly  deteriorated  under  improper  culture.  It 
varies  greatly  in  yield  per  vine  or  per  acre  under  normal  conditions  of 
crop  production.  In  view  of  its  general  importance  and  popularity 
as  one  of  our  best  fall  and  winter  vegetables,  it  seemed  desirable  to 
attempt  to  learn  why  such  things  should  be ;  and  in  that  study  a  num- 
ber of  interesting  questions  were  raised  which  could  be  answered  only 
by  experimentation. 

Problem  Defined 

The  problem  involved  was  to  determine  to  what  extent  it  is  pos- 
sible to  control  the  quality  and  modify  the  yield  of  Hubbard  squash. 
It  was  proposed : 

1.  To  determine  the  possibility  of  projecting  high-  and  low- 
yielding  capabilities  to  the  progeny. 

2.  To  ascertain  the  influence  of  self-pollination,  cross-pollina- 
tion, and  inter-pollination  on  quality  and  yield. 

3-  To  conduct  pruning  and  disbudding  experiments  in  order  to 
ascertain  their  effect  on  the  size  of  the  crop. 

4.  To  ascertain  the  possible  control  of  quality  by  making  seed 
selections  from  good  and  poor  squashes. 

Foundation  Stock 

The  seed  for  the  foundation  was  obtained  from  a  crop  of  squashes 
that  was  grown  on  the  University  Farm  in  1911.  From  this  early 
crop,  selections  were  made  from  vines  which  showed  variation  in 
quantity.  The  experimental  area  of  1912  was  more  than  three  acres 
in  extent,  so  there  was  ample  opportunity  to  observe  a  wide  range  of 
\'ariation  and  to  select  the  extremes  in  yield. 

Pollination  Work 

The  squash  plant  is  monoecious,  the  staminate  and  pistillate  blos- 
soms occurring  separately  on  the  same  vine.  The  structural  differences 
of  the  two  kinds  of  flowers  are  shown  in  the  accompanying  draw- 
ings. The  large  corolla  which  extends  beyond  the  stamens  and 
pistils  enables  the  operator  who  is  dealing  with  trials  involving  control 
of  the  pollination  processes  to  dispense  with  pollination  bags.  The 
tips  of  the  blossoms  may  be  drawn  together  and  tied  with  string,  thus 
preventing  the  intrusions  of  insects  and  the  access  of  foreign  pollen. 
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(a)  Vertical  view  of  sUmlnate  flowers  Bbowlng  anthers  read;  to  dehisce; 
(b)  Pistillate  flowers  showing  nobs  of  stigma  above,  and  connected  by  a 
slender  style  with  ovary  below. 
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The  pistils  thus  protected  remain  unfertilized  until  the  desired  time,  and 
the  pollen  kept  pure  and  uncontaminated.  Cotton  twine  was  found 
suitable  for  tying  the  blossoms.  When  the  flowers  are  ready  to  be 
opened  for  pollination,  the  string  is  cut  with  sharp-pointed  scissors. 
As  the  pistils  and  pollen  mature,  the  former  are  fertilized  by  care- 
fully removing  the  string  from  the  corolla  enclosing  the  pistil  and  plac- 
ing thereon  pure  pollen  from  the  desired  staminate  flower.  It  is 
quite  possible  to  re-cover  the  pistils,  and  re-tie  the  corolla  after  pol- 
lination, thus  guarding  against  the  access  of  foreign  pollen.  This 
method  of  flower  manipulation  is  both  simple  and  safe  and  affords 
correct  results.  Indeed,  the  occasional  overlooked  and  un-poUinated 
covered  blossom  which  failed  to  set  fruit,  furnishes  an  admirable  check 
and  assurance  of  the  reliability  of  this  technical  procedure. 

Squash  blossoms  are  naturally  open-pollinated,  through  the  agency 
of  insects,  chiefly  bees.  Hence  the  establishment  of  a  pure  line  of 
squashes  possessing  any  definite  set  of  characters  of  necessity  involves 
choice  of  pollen  from  definite  sources  and  an  artificial  method  of 
application. 


Explanation  of  Terms 

SeV'fertUization.  That  prooess  of  fecundaUon  which  la  acoompUshed  by  the 
direct  action  of  pollen  on  its  own  sisterhood  of  pistils.  In  the  case  of  squashes, 
hoth  sexual  elements  are  derived  from  the  same  plants,  although  separate  flowers 
prodnoe  those  elements.  Continuous  self-fertilization  leads  eventually  to  the  de- 
vetopment  of  a  '*pure  line"  of  descendants.  If,  at  first,  the  variable  progeny  are 
discarded.  The  term,  self -pollinated  plants,  as  used  In  the  following  discussion,  in- 
dicates a  plant  grown  from  the  seed  of  a  self-pollinated  fruit. 

OrosB'fertUitatum.  That  process  of  fecundation  effected  by  pollen  from  one 
plant  acting  upon  pistils  of  another  plant.  Here  the  sexual  elements  are  derived 
from  different  plants.  This  process  prevents  the  development  of  a  pure  line  and 
Insures  a  more  or  less  mixed  progeny.  Much  cross-pollination  naturally  occurs.  In 
all  probability  most  untreated  squashes  are  cross-fertilized. 

Open-poWnaHon,  That  process  of  fertilization  which  occurs  at  will.  With 
squashes  It  is  generally  effected  by  Insects.  Open-pollination  is  the  normal,  the 
natural  method.  The  pollen  may  be  derived  from  the  same  plant  or  from  the  other 
plants,  perhaps  as  likely  from  one  source  as  from  the  other.  Open-pollinated  plants 
are  therefore  of  unknown  parentage.  This  method  of  pollination  is  common  in 
gardens  and  fields.  The  degree  of  cross-pollination  or  the  amount  of  self-pollina- 
tion that  occurs  among  squashes  depends  upon  the  source  of  seed  used.  If  the  seed 
for  a  crop  are  all  derived  from  one  squash,  the  result  is  likely  to  be  that  of  inter- 
crossing. If  the  seed  is  taken  at  random  from  many  sources,  cross-fertilization  is 
likely  to  result. 

Inter-croaHna.  The  process  of  sexual  intermixture  of  different  plants  having 
the  same  immediate  parents.  In  this  case,  the  offsprings  are  pure  line  stock 
within  certain  limits.  They  may  be  considered  as  less  variable  than  cross-fertilized 
progeny  and  less  pure  than  self-fertilized  plants.  They  are  therefore  interme- 
diates of  the  former  groups. 

The  effects  of  the  method  of  flower  treatment  as  outlined  above  constitute  one 
phase  of  Investigation  presented  in  this  bulletin.  The  results  of  different  methods 
of  pollination  are  discussed  from  data  based  upon  experiments  extending  over  five 
years. 
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Influence  of  Self-Fertilization  on  Yield 

It  has  been  generally  accepted  as  a  fact  that  the  continued  self- 
fertilization  of  a  naturally  open-pollinated  plant  is  a  devitalizing 
process.  The  numerous  writings  of  Darwin  led  to  this  general  conclu- 
sion. However,  it  does  not  necessarily  follow  that  all  plants  will  re- 
spond in  the  same  way  and  adhere  strictly  to  this  rule.  Much  may 
depend  upon  the  nature  of  the  plant,  its  sexual  construction  and  its 
mode  of  reproduction.  There  are  some  exceptions  to  most  general 
laws ;  and  in  some  cases  the  exceptions  are  quite  numerous. 

In  the  summer  of  1914,  three  sets  of  plants,  representing  tempo- 
rarily at  least  different  yielding  propensities,  were  grown  side  by  side. 
The  sets  designated  as  high  and  as  low  yielders  were  selected  from  the 
self -pollinated  fruits  of  plants  that  showed  those  tendencies  in  1913. 
By  means  of  self-fertilization,  these  same  sets  of  plants  were  continued 
for  the  tests  in  1915  and  1916.  The  set  comprising  the  check  plants 
was  a  composite  of  high  and  low  production  of  the  preceding  year, 
and  were  left  to  be  open-pollinated  by  insects  in  the  usual  way. 
The  comparative  yields  are  shown  in  the  following  table : 

TIEIJ>S  OF   SELF-FEBTILIZED   PLANTS 


Year 

Series 

Number 

of 

plants 

Average 

yield. 

pounds 

Percentage  gain  or  loss 
over  check 

1914 

Check 

139 

16.7 

. « • 

High 

48 

22.8 

H-36.6 

Low 

48 

16.9 

—  4.8 

1916 

Check  1 

126 

23.4 

Check  1 

Check  2 

Check  2 

20 

21.0 

•   •   • 

•  «  • 

High 

44 

27.6 

H-17.9 

+31.4 

Low 

62 

21.3 

—  9. 

+  1.4 

1916 

Check 

166   • 

16.2 

•      ■      ■ 

High 

89 

21.2 

+30.9 

Low 

113 

16.4 

+  1.2 

The  production  of,  self -pollinated,  high-yielding  plants  in  1914  was 
37  percent  larger  than  that  of  the  check  plants,  whereas  that  from  the 
self-pollinated,  low-yielding  plants  was  5  percent  less,  the  spread  being 
43  percent.  The  method  of  seed  selection  was  more  important  than 
the  method  of  fertilization. 

In  1915  the  self -pollinated  high-  and  low-yielding  plants  were 
contrasted  with  check  1  (the  average  of  high  and  low  from  insect- 
pollinated  plants)  and  with  check  2  (grown  from  mixed  seed).  In  the 
first  instance,  the  high-yielding  and   self-fertilized  plants  outclassed 
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check  1  plants  by  18  percent,  whereas  the  low-yielding  plants  lagged 
behind  the  check  1  plants  by  9  percent.     In  the  second  instance  the 
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Chart  of  experimental  field  in  1914  showing  different  kinds  of  treatment  for 
influence  on  yield. 

high-producing  plants  yielded  31  percent  and  the  low,  1  percent  more 
than  the  check  2  vines. 

In  1916  the  high-yielding  plants  produced  31  percent  more  and 
the  low-yielding  plants  1  percent  more  than  the  check.  It  is  not  clear 
why  the  latter  result  occurred.  Possibly  the  check  lot  was  derived  from 
an  especially  good  ancestry. 

Since  three  consecutive  years  of  self-fertilization  did  not  tend  to 
lessen  the  yield,  it  seems  fair  to  conclude  that  the  immediate  effect  of 
self-fertilization  on  production  is  negligible.  The  ultimate  effect  of 
continuous  self-fertilization  is  a  matter  that  lies  beyond  the  range  of 
this  publication.     It  is  important  to  note,  however,  that  notwithstand- 
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ing  self-pollination,  it  is  possible  to  segregate  for  the  time  being  and 
to  maintain  either  high-  or  low-producing  vines  or  both,  the  seed  being 
selected  on  the  basis  of  past  yields.  This  means  that  the  yield  of 
squashes  is  determined  in  part  by  the  ability  of  a  plant  to  project  its 
yielding  propensities  to  its  progeny.  In  other  words  it  is  a  matter  of 
transmission  and  inheritance. 

Influence  of  Inter-crossing 

Some  of  the  plants  were  inter-crossed,  a  process  in  which  fertiliza- 
tion is  effected  by  pollen  derived  from  a  plant  having  the  same  imme- 
diate parent,  as  that  which  bears  the  pistils  to  be  fertilized.  That  this 
process  is  less  restricted  than  self-pollination  seems  to  be  indicated  by 
the  greater  vigor  and  fertility  of  the  resulting  plants  compared  with 
those  that  w^ere  self-fertilized.  In  inter-crossing  there  is  some  chance 
for  stimulation  due  to  the  individual  differences.  Comparisons  are 
found  in  the  following  table : 


TIEIJ)S    OF   INTEB-CB088ED    PLANTS 


Year 

Nature 
of 
yield 

Number 

of 
plants 

Average 
yield, 
pounds 

Percentage  gain  or  losa 
over  check 

1914 

Check 

139 

16.7 

... 

High 
Low 

62 

72 

27.2 
17.8 

+62.9 
+  6.6 

1915 

Check  1 

126 

23.4 

Check  1           Check  2 

Check  2 

20 

21.0 

. .                      •  ■ 

High 
Low 

64 
68 

22.2 
22.1 

—6.1                  +6.7 
—6.6                  +6.2 

1916 

Check 

165 

16.2 

■  •  • 

High 
Low 

116 
103 

23.4 
15.3 

+44.4 
—  6.6 

The  decided  gain  made  in  1914  by  the  high-yielding  plants — 63 
percent — is  significant  in  contrast  to  the  slight  gain  made  by  the  inter- 
crossed low  yielders — 7  percent.  The  spread  of  the  "highs"  over  the 
"lows"  is  53  percent.  Comparing  these  yields  with  the  1914  selfed 
plants  as  shown  in  the  table,  it  is  clear  that  the  inter-crossed  plants 
were  somewhat  the  more  productive  of  the  two. 

The  1915  results  w^re  striking  but  inexplicable.  Check  1  is  the 
average  of  both  high  and  low  and  check  2  represents  a  mixture  of 
seed  taken  at  random.  The  high-yielding  plants  were  less  productive 
by  5  percent  and  the  low  by  6  percent  than  were  the  check  1  plants  and 
more  productive  by  6  and  5  percents,  respectively,  than  the  check  2 
plants. 
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In  1916  the  yields  showed  great  contrasts,  the  high-producing 
plants  exceeding  the  checks  by  44  percent,  while  the  low-producing 
plants  were  exceeded  by  the  checks  to  the  extent  of  6  percent. 

Apparently  inter-crossing  did  not  affect  yields.  Seed  selection  on 
the  basis  of  previous  production  seems  more  likely  than  inter-crossing 
to  be  the  controlling  factor.  A  difference  in  vegetative  vigor  of  the 
whole  plant  might  account  for  the  increase. 

Seed  Selection  from  Open-pollinations 

The  results  of  seed  selection  from  plants  that  were  fertilized  by 
insects,  as  normally  happens,  are  set  forth  below  by  way  of  contrast 
with  the  results  secured  in  other  ways.  Since  1911,  selections  have 
been  based  upon  the  yields  of  the  preceding  year.  From  year  to  year 
careful  records  have  been  kept  of  the  yield  performance  of  certain 
plants.  Much  of  the  earlier  data,  including  1911  and  1912,  were 
secured  in  connection  with  another  trial  wherein  high-  and  low-yielding 
plants  were  grown  in  individual  plats.  The  yield  of  these  plants  with 
results  from  1913  to  1916  are  brought  together  below : 

YIEUDS  OF  OPEN-POIJJNATED  PLANTS 

Number  of     Average  yield,    Percentage  gain  or  loss 


Year 

Series 

vines 

pounds 

over  low 

19U 

High 
Low 

161 
55 

11.2 
12.3 

—8.9 

•  • 

1912 

High 
Low 

102 
76 

12.6 
9.6 

H-31.3 

•  •  • 

1913 

High 
Low 

177 
143 

15.3 
11.8 

+29.7 

•  •  • 

1914 

High 
Low 

71 
68 

22.2 
11.0 

+101.8 

•   •  •  • 

1915 

High 
Low 

64 
61 

27.2 
19.3 

+40.9 

.  •  • 

1916 

High 
Low 

119 
98 

23.3 
18.4 

+26.6 

«  •  • 

In  191 1  the  high-yielding  lot  was  exceeded  by  its  competitor  to  the 
extent  of  9  percent,  but  from  1912  onwards  the  high-yielding  plants 
remained  in  the  lead,  outstripping  their  rivals;  in  1912  by  31  percent, 
in  1913  by  30  percent,  in  1914  by  102  percent,  in  1915  by  41  percent, 
and  in  1916  by  27  percent.  The  greatest  benefit  secured  by  this  method 
of  selection  was  reached  after  three  years.  The  anomalous  result 
secured  in   1911   in  reality  was  only  seemingly  incongruous.    As  ^ 
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matter  of  fact  it  took  two  years  in  which  definitely  to  isolate  the  two 
strains. 

The  following  table  shows  the  average  gains  in  yields  of  squash 
per  vine  of  the  high-3delding  over  the  low-yielding  strains,  the  dif- 
ferences between  the  two  strains  for  the  three  years  and  the  influence 
on  yields  of  the  methods  of  pollination.  The  1914  average  yield  of  all 
the  plants  of  the  high-yielding  was  60  percent  greater  than  that  of  the 
low-yielding  strain,  in  1915,  22  percent,  and  in  1916,  37  percent. 

No  marked  differences  in  yields  were  observed  which  seemed 
attributable  to  the  method  of  pollination.  However,  in  general  it  ap- 
peared that  the  nearer  one  approached  the  open  or  natural  method  of 
pollination  in  procedure,  the  greater  was  the  yield.  The  average 
three-year  yield  of  the  open-pollinated  plants  was  about  12  percent 
greater  than  that  of  either  the  inter-crossed  or  self-pollinated  plants 
as  appears  in  the  following  table,  the  selfed  percentage  being  33, 
the  inter-crossed  34,  the  open-pollinated  46.  The  superiority  of  the 
high-yielding  over  the  low-yielding  strain,  regardless  of  the  method  of 
pollination,  is  clear,  the  average  three-year  gain  being  37  percent. 

SUM  MART   OF   COMPABATn^E   THSLDS 

V^eight  of  squashes  per  vine 

Percentage  gain  of  high  over  low 

Self-  Inter-  Open-  Weighted 

Year  fertilized  crossed  pollinated  average 

1914 43  63  102  60 

1915 30  1  41  22 

1916 29  63  27  37 

Weighted  average. .  33  34  46  37 

A  more  ready  comparison  may  be  secured  both  as  to  treatment  of 
the  blossoms  and  the  year  of  the  crop  under  consideration  from  the 
table  showing  the  combined  results  for  three  years. 

COMBINED  BEST7LTS — THBEE  YEARS 

Weight  of  squash  per  vine 

Percentage  gain  of 
high  over  low 

-f-32.7 

•  •  • 

-1-33.6 

•  •  • 

+46.3 


Treatment 

Series 

Number 

of 
plants 

Average 

yield. 

pounds 

Self-fertilized 

High 

181 

23.2 

Low 

213 

17.6 

Inter-crossed 

High 

232 

23.9 

Low 

243 

17.9 

Open-pollinated 

High 

264 

24. 

Low 

227 

16.4 
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COMBINED    BESULTS — THBEE    TBEATMENT8 


Tear 

1914 

High 
Low 

171 
188 

23.9 
14.9 

H-60.4 

•  •  • 

1915 

High 
Low 

172 
181 

25.5 
20.9 

+22. 

•  ■  • 

1916 

High 
Low 

324 
314 

22.8 
16.7 

+36.6 

«  •  • 

Grand  total 

High 

Low 

Check 

667 
683 
439 

23.7 
17.3 
18.6 

+37. 

•  ■  • 

•  •  • 

These  marked  differences  extending  through  several  seasons  point 
strongly  to  the  probable  occurrence  of  high-  and  low-producing  forms. 
The  high  remain  relatively  high  and  the  low  remain  relatively  low,  not- 
withstanding the  probable  greater  or  less  intermixture  of  these  open- 
pollinated  plants.  It  seems  fair  to  conclude  that  seed  selection  on  the 
basis  of  yield  is  the  most  important  means  of  segregating  and  main- 
taining plants  of  either  low-  or  high-producing  forms.  In  fact  it  is 
remarkable  that  this  should  be  so,  entirely  irrespective  of  how  pollina- 
tion was  effected.  In  a  word,  much  can  be  accomplished  by  simple 
and  straight  selection.  One  needs  merely  to  know  the  definite  yields 
of  parental  plants  for  a  few  years  in  order  to  proceed  intelligently; 
and  It  should  be  remembered  that  it  is  as  important  to  avoid  the  low  as 
it  is  to  select  the  high. 

Cooperative  Trials  in  Straight  Selection 

In  order  to  extend  the  trials  in  seed  selection  and  to  check  the  re- 
sults obtained  under  different  conditions,  three  Vermont  horticulturists, 
Messrs.  E.  H.  Hallett  of  St.  Johnsbury,  Luther  Putnam  of  Cambridge 
and  C.  W.  Stone  of  Springfield,  volunteered  to  plant  the  seed  and  to 
keep  careful  yield  records.  The  results  secured  by  these  gentlemen 
are  shown  below  and  obviously  furnish  additional  testimony  as  to  the 
advisability  of  seed  selection. 

1912  Yields 

Name  of  Number  of     Average  yield.        Percentage  gain 

cooperator  Series  vines  pounds  high  over  low 

Hallett  High  12  44.3  103 

Low  12  21.8 

Putnam  High  10  24.4  72 

Low  10  14.2 

Stone  High  12  17.9  167 

Low  12  6.7 
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The  high-yielding  strains  outclassed  the  low-yielding  strains  by 
from  72  to  167  percent.  These  results,  though  highly  variable,  were 
comparable  with  and  paralleled  those  secured  on  the  University  Farm. 

The  following  table  combines  the  results  of  three  years'  work — 
1914  to  1916 — selecting  from  the  high-  and  low-yielding  parent  plants. 


CX>MPABISON  OF  YIELDS — WEIGHT  OF  FBUIT  PEB  VINE 


High 

Number  Average 
Year        Treatment     of  plants    yield 

lbs. 

1914    Self-ferUlized       48  22.8 

Inter-crossed        62  27.2 

Open-poHlnated    71  22.2 


Low 

Number  Average 
of  plants    yield 

lbs. 

48  15.9 

72  17.8 

68  11.0 


324 


22.8 


314 


16.7 


Check 

Number  Average 
of  plants    yield 

lbs. 


139 


16.7 


159 


16.2 


Gain 

high  over 

low 

% 
43. 
63 
102 


171 

23.9 

188 

14.9 

139 

16.7 

60 

1915 

Self-fertilized       44 
Inter-crossed        64 
Open-pollinated    64 

27.6 
22.2 
27.2 

52 
68 
61 

21.3 
22.1 
19.3 

•  •  • 
■  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

30 

1 
41 

172 

25.5 

181 

20.9 

20 

21. 

22 

1916 

Self-fertilized       89 
Inter-crossed      116 
Open-pollinated  119 

21.2 
23.4 
23.3 

113 

103 

98 

16.4 
15.3 
18.4 

... 
... 
... 

•  •  • 

•  •  • 

•  •  • 

29 
53 
27 

37 


Gain  per  Acre  in  Seed  Selection 

In  order  to  show  what  the  value  of  selection  would  be  to  a  com- 
mercial grower,  the  yields  obtained  have  been  compared  on  an  acreage 
basis.  If  the  hills  are  planted  10  feet  apart  each  way,  three  vines  to  a 
hill,  there  would  be  about  1,300  vines  to  an  acre. 


ESTIMATED  YIELD  OF   SQUASHES   PEB   ACRE 

Three-year  average 


strain 


Average  per  vine High 

Low 

Yield  per  acre High 

Low 

Gain  for  high 

Percent  gain  for  high 


Number  of 
squashes 

Weight  of 
squashes 

Weight  per 
squash 

2.09 
1.80 

lbs. 

24.05 
16.65 

lbs. 

11.50 
9.25 

2,717 
2,340 

31,265 
21,645 

* .  •  • 

.    a    *    * 

377 

12% 

9,620 

44% 

2.25 
24.3% 

If  these  1.300  vines  to  the  acre  were  open-pollinated  and  if  they 
had  yielded  the  average  crop  of  the  three  years,  1914  to  1916,  the  high- 
yielding  strain  would  have  produced  31,265  pounds  and  the  low-yielding 
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strain  21,645  pounds  per  acre,  a  gain  of  9,620  pounds  per  acre  as  a 
result  of  the  use  of  selected  seed.  The  high-producing  vines  would 
have  g^own  2,717  and  the  low-producing  vines  2,340  squashes,  a  gain 
of  377  fruit  per  acre  in  favor  of  the  former.  Twelve  percent  more 
squashes,  weighing  44  percent  more,  the  average  individual  squash 
being  a  fourth  heavier,  represents  the  net  result. 

Statistical  Studies  in  Variation 

A  more  technical  study  of  variation  was  made  with  reference  to 
changes  in  weight  of  squashes  per  vine  and  weight  per  squash  under 
the  different  treatments.  These  data  are  presented  in  statistical  form 
in  the  following  tables,  covering  the  seven  years  from  1911  to  1917. 

A  comparison  of  the  effect  of  the  different  treatments  is  made  more 
precise  by  the  use  of  the  mean,  the  standard  deviation,  coefficient  of 
variability,  and  the  average  deviation,  terms  defined  below. 

Several  interesting  points  may  be  deduced.  After  1911,  when 
anomalous  results  were  secured,  the  mean  for  the  "high"  presented  an 
advantageous  contrast  to  that  for  the  "low."  It  reached  its  maximum 
in  1916,  when  in  the  northern  section  it  approximated  33.09  in  the 
high  open-pollinated  plants.  The  mean  for  the  low  of  that  year  in 
this  section  was  26.62,  or  6.47  pounds  less  per  vine  than  for  the  high. 
The  mean  for  the  low  reached  its  nadir  in  1912  when  it  was  only  9.66 
pounds  per  vine.    The  standard  deviation  for  the  high  in  contrast  to 


NoTB. — ^The  mean  Is  the  average  for  the  group.  It  is  taken  as  a  basis,  and 
from  it  the  standard  deviation  is  ascertained  by  squaring  the  deviations  before 
maltiplylng  them  by  their  respective  frequencies.  The  standard  deviation  there- 
fore offers  a  reliable  basis  for  comparing  characters  under  consideration.  In  this 
particular  instance  it  is  the  weight  of  fruits  per  vine  in  the  differently  treated 
groups  of  squashes.  As  compared  to  the  average  deviation,  the  standard  devia- 
tion gives  greater  value  to  extreme  variations.  Squaring  the  deviations,  accentuates 
their  value. 

The  average  deviation  is  the  amount  of  deviaUon  of  the  different  groups  of 
individuals  from  the  mean.  It  is  an  index  of  the  amount  of  variability.  It  is 
determined  by  obtaining  first  the  amount  which  each  class  varies  from  the  mean, 
and  then,  by  multiplying  each  deviation  thus  obtained  by  the  number  of  individuals 
in  that  class. 

The  coejgMent  of  variahUity  is  an  abstract  expression  combining  the  idea  of 
standard  deviation  and  type.  It  is  determined  by  dividing  the  standard  deviation 
by  the  means  as  a  base.  The  result  is  an  index  of  variability  expressed  in  percent. 
The  coefficient  of  variability  affords  an  accurate  means  of  comparing  directly  the 
variability  of  one  frequency  distribution  with  that  of  another,  no  matter  what  the 
character,  whether  in  the  same  or  different  individuals.  By  means  of  this  coefficient, 
the  breeder  may  not  only  ascertain  whether  one  character  is  more  variable  than 
another,  but  by  taking  this  coefficient  frequently,  as,  for  instance,  for  the  same 
variety  under  different  seasons  or  condition's,  he  can  know  the  variability  of  a 
character  as  Influenced  by  time  or  circumstances.  By  these  calculations  it  is  pos- 
sible to  ascertain  if  progress  is  being  made. 

An  of  the  calculations  for  the  mean,  the  standard  deviation,  the  coefficient  of 
variability,  and  the  average  deviation,  and  also  their  probable  errors  were  carried 
out  to  four  decimal  places.  For  the  sake  of  conciseness,  however,  two  of  these 
decimal  places  were  ellmlnatc'd  In  making  up  the  tables.  As  the  weights  made  in 
the  field  were  not  accurate  beyond  one-twentieth  of  a  pound,  it  would  be  of  little 
UM  to  consider  anything  beyond  one  one-hundredth  of  a  i)ound. 


IB- 
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WEIGHT  STATISTICS — ^Weight  of  frults  per  vine 


Mean 
Series  (pounds) 

1911 

High    10.69  ±  .28 

Low  12.50  ±  .49 

1912 

High   12.79  ±  .37 

Low   9.66  ±  .39 

1913 

High    15.35     ±  .34 

Low 11.92     ±  .29 

Commercial 

check  No.  2..     12.74     ±  .49 

1914 

Inter-crossed 

High    26.77     ±1.43 

Low 17.89     ±  .84 

Self-pollinated 

High    22.88     ±  .94 

Low  16.04     ±  .74 

Open-pollinated 

High    22.20     ±  .74 

Low  11.00     ±  .50 

Check  (No.  1)         16.72     ±  .54 

1915 

Inter-crossed 

High   24.07     ±1.42 

Low   22.53     ±  .84 

Self-pollinated 

High    27.73     ±1.53 

Low  2L43     ±  .90 

Open-pollinated 

High    27.28     ±1.21 

Low   19.44     ±  .90 

Check  (No.  1)         23.46     ±  .78 

1916  Southern 
section 

Inter-crossed 

High    22.32     ±1.13 

Low   14.90     ±7.46 

Self-pollinated 

High    13.54     ±  .93 

Low 11.98     ±  .60 

Open-pollinated 

High    14.23     ±  .65 

Low  11.85     ±  .67 

1916  Northern 
section 

Inter-crossed 

High    24.64     ±1.40 

Low 15.64     ±  .91 

Self-pollinated 

High    26.81     ±1.90 

Low  21.11     ±1.05 

Open-pollinated 

High    33.09     ±1.55 

Low   26.62     ±1.44 


Standard 
deviation 

Coefficient  of 
variability 

Average 
deviation 

5.18 
5.35 

±  .20 
±  .35 

48.41 
42.77 

±  .26 
±3.25 

4.22 
4.37 

5.61 
5.07 

±  .26 
±  .28 

43.85 
52.49 

±2.43 
±2.31 

4.20 
4.10 

6.74 
5.14 

±  .24 
±  .20 

43.88 
43.12 

±1.86 
±2.02 

5.12 
4.16 

♦.95 

±  .36 

38.88 

±3.07 

3.70 

15.32 
10.56 

±1.01 
±  .59 

57.18 
59.01 

±4.87 
±  .32 

• 

11.00 
8.45 

9.70 
7.46 

±  .67 
±  .51 

42.41 
46.51 

±3.40 
±3.74 

7.19 
6.09 

9.17 
6.15 
9.49 

±  .52 
±  .36 
±  .38 

41.29 
55.91 
56.74 

±2.71 
±4.12 
±2.94 

7.43 
4.91 
8.17 

13.67 
10.23 

±1.01 
±  .59 

56.78 
45.41 

±5.35 
'±3.12 

11.08 
8.59 

15.03 
9.50 

±1.08 
±  .64 

54.21 
44.34 

±5.03 
±3.50 

11.81 
7.90 

14.30 
10.43 
12.97 

±  .85 
±  .64 
±  .55 

52.42 
53.66 
55.30 

±4.44 
±4.11 
±2.99 

12.11 

8.46 

10.82 

12.98 
7.82 

± 
± 

.80 
.53 

58.12 
52.47 

±4.62 
±4.43 

10.46 
6.29 

8.39 
6.68 

± 

.66 
.43 

61.92 
55.76 

±6.46 
±4.53 

6.47 
5.30 

7.51 
7.24 

.46 
.47 

52.75 
61.06 

±4.02 
±5.29 

5.47 
5.25 

15.56 
9.84 

±  .99 
±  .65 

62.85 
62.88 

±5.36 
±5.51 

11.14 
8.00 

20.26 
11.71 

±1.34 
±  .74 

75.58 
55.49 

±7.32 
±4.45 

16.70 
5.08 

16.96 
14.68 

±1.06 
±1.02 

51.26 
55.17 

±3.97 

±4.87 

7.18 
12.37 
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the  low  did  not  show  material  advantage  till  1913,  when  it  was  6.74 
as  compared  with  5.14  for  the  low.  In  the  other  years  (1914-1917)  it 
exceeded  the  low  by  relatively  large  margins.  The  average  deviation 
for  high  and  low  ran  nearly  parallel  during  1911  and  1912,  began  to 
diverge  in  1913  and  became  quite  marked  in  1914,  especially  in  the  inter- 
crossed group,  good  contrasts  occurring  during  the  last  three  years. 
The  check  groups  were  usually  intermediate  between  high  and  low. 

WEIGHT  STATISTICS — Concluded — ^Weight  of  fruits  per  vine 

Series  Mean  Standard  Coefficient  of        Average 

(pounds)  deviation  variability         deviation 

1916    Both  sections, 
combined 

Inter-crossed 

High    23.44     ±  .90         14.30     ±  .63         61.00     ±3.56         10.88 

Low   15.12     ±  .62  9.14     ±  .59         60.42     ±3.81  7.50 

Self-pollinated 

High    21.29     ±1.26         17.66     ±  .89         82.96     ±6.46         13.81 

Low 16.57     ±  .67         10.59     ±  .48         63.96     ±3.87  8.61 

Open-pollinated 

High    23.42     ±1.01         16.27     ±  .71         69.45     ±4.26         13.85 

Low 18.79     ±  .92         13.61     ±  .64         72.43     ±4.94         10.87 

1917 

Open-pollinated 

High    17.44     ±  .62         12.44     ±  .43         71.28     ±2.86  9.14 

Low 13.39     ±  .36  8.35     ±  .19         62.32     ±2.31  6.23 

In  1916  it  became  necessary  to  enlarge  the  squash  plantation  to 
permit  of  somewhat  more  extensive  plantings  of  certain  groups.  In  this 
connection  it  is  well  to  note  the  probable  correlation  between  more 
food  and  jnoisture  coupled  with  greater  variability  and  a  higher  mean. 
The  new  land  was  greensward,  naturally,  somewhat  richer  and  more 
retentive  of  moisture.  At  the  time  the  computations  were  made  it 
seemed  desirable  to  differentiate  between  the  results  secured  on  the 
original  area  and  upon  the  new  land.  Hence  results  from  the  1916 
and  later  crops  are  so  tabulated  as  to  Aable  one  to  discriminate  between 
the  northern  (new)  and  the  southern  (old)  sections.  As  the  tables 
show,  means  were  higher  and  variability  greater  on  the  newer  area. 

In  general  it  is  to  be  noted  that  the  means  have  increased  for 
the  high  yielders  in  the  various  plots  from  year  to  year  until  1916; 
and,  since  the  mean  for  the  low  yielders  remains  low,  the  selections 
have  been  producing  results.  On  account  of  the  great  variability  and 
the  increase  in  value  of  means,  new  values  must  have  been  coming  in 
representing  extreme  variations  within  the  group  of  high-yielding 
plants.  Among  the  low-producing  forms  there  was  not  much  change 
in  the  value  of  the  mean  prior  to  1916  when  some  increase  occurred. 
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In  all  the  selections  made  it  was  apparent  that  the  work  was  in  the 
direction  of  natural  variation  but  greatly  intensified.  The  variability 
as  shown  by  the  coeflftcient  was  increased  rather  than  decreased. 

Weight  of  Individual  Squashes 

Squashes  vary  likewise  in  respect  to  the  weight  of  individual 
specimens  pollinated  according  to  different  methods.     Data  were  col- 

WEIGHT    OF    INDIVIDUAL    FRUITS 


Mean 
Series  (pounds) 

1913 

High    10.93  ±  .18 

Low  8.34  ±  .16 

Check  (No.  2)  9.82  ±  .30 

1914 

Inter-crossed 

High   10.77     ±  .35 

LiOW 8.63     d:  •23 

Self-pQlllnated 

High    8.69     ±  .26 

Low 10.17     ±  .29 

Open-pollinated 

High    11.39     ±  .34 

Low 7.73     ±  .20 

Check  (No.  2)  9.90     ±  .23 

1916 

Inter-crossed 

High   12.07    ±  .42 

Low    10.50     ±  .20 

Self-pollinated 

High    9.30     ±  .23 

Low    11.20     ±  .26 

Open-pollinated 

High   13.07     ±  .32 

Low  9.06     ±  .17 

Check  (No.  1)        11.31    ±  .21 

1916 

Inter-crossed 

High    9.77     ±  .22 

Low 8.17     ±  .17 

Self-pollinated 

High    6.53     ±  .13 

Low 9.35     ±  .20 

Open-pollinated 

High   10.82     ±  .19 

Low 10.18    ±  .18 

1917 
Self-pollinated 

High   8.05    ±  .12 

Low    10.80     ±  .19 

Open-pollinated 

High    8.03     ±  .22 


Standard 
deviation 

Coefficient  of 
variability 

Average 
deviation 

4.27 
3.40 
3.50 

.13 
.12 
.22 

39.12 
41.42 
35.60 

±1.35 
±1.60 
±2.45 

3.40 
2.86 
2.76 

5.94 
4.19 

.26 
.16 

55.16 
48.51 

±2.90 
±2.29 

4.91 
3.29 

4.29 
3.78 

± 

.18 
.21 

49.38 
37.18 

±2.55 
±2.30 

3.28 
3.11 

5.94 
2.96 
5.26 

.24 
.14 
.16 

52.18 
38.32 
53.13 

±2.62 
±2.11 
±2.07 

4.43 
2.38 
4.00 

5.71 
3.53 

.30 
.14 

47.32 
33.58 

±3.14 
±1.49 

4.53 

2.74 

3.81 
3.87 

.16 
.18 

41.02 
34.58 

±1.97 
±1.84 

2.96 
3.03 

■ 

5.33 
3.72 
5.09 

.22 
.20 
.15 

40.83 
41.06 
45.01 

±L94 
±1.98 
±1.58 

4.19 
2.74 
4.00 

w 

6.48 
3.54 

-1- 

.16 
.12 

56.01 
43.35 

±2.06 
±1.80 

4.44 
2.82 

3.19 
4.02 

±2 

.09 
.14 

48.90 
48.47 

±1.66 
±2.03 

2.60 
3.21 

4.42 
3.50 

± 

Hh 

.13 
.13 

40.87 
34.51 

±1.40 
±1.37 

3.89 
8.30 

3.43 
4.86 

± 

.08 
.13 

42.69 
44.94 

±1.15 
±1.46 

2.77 
3.96 

3.98 

-4- 

.16 

49.63 

±2.40 

3.09 
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lected  from  1913  to  1917,  inclusive.  The  weights  of  fruit  per  vine, 
the  mean  or  average,  standard  deviation,  and  the  coefficient  of  vari- 
ability and  the  average  deviation  were  determined.  The  weight  of  in- 
dividual fruits  is  the  basis  for  the  computations  which  are  given  in  the 
subjoined  tables. 

The  data  of  variability  on  the  weights  of  individual  fruit  for  five 
years  may  be  briefed  as  follows : 

The  mean  for  those  from  high-yielding  parents  was  greater  than 
that  for  the  low-  in  1913,  and  also  for  the  inter-crossed  and  high-open- 
polfinated  groups  of  1914,  1915  and  1916;  but  the  mean  of  those  from 
hig^-yielding  parents  was  less  than  that  for  the  low-  in  the  case  of  the 
low-self-pollinated  series  of  1914,  1915,  1916  and  1917.  It  appears 
that  the  method  of  pollination  was  effective  and  that  it  was  more 
'potent  than  the  method  of  seed  selection.  Self-pollination  had  the 
effect  of  reducing  the  mean  of  the  high  yielders  or  of  increasing  the 
mean  for  the  low. 

The  standard  deviation  was  greater  for  the  high  yielders  as  com- 
pared to  the  low,  for  1913,  1914,  1915,  1916,  except  in  the  self-pol- 
linated sets  of  1915,  1916  and  1917.  Self-pollination  was  again  oper- 
ative.   The  data  for  average  deviation  gave  parallel  results. 

The  coefficient  of  variability  data  showed  no  consistent  status. 
It  was  less  for  the  high  in  1913  and  1917,  and  greater  in  1914-1916. 

The  check  lots  were  intermediate  with  respect  to  the  mean,  stand- 
ard deviation,  average  deviation,  and  the  coefficient  of  variability. 

In  brief,  the  outcome  of  selecting  the  highs  for  a  series  of  years 
was  to  increase  their  weights  up  to  certain  limits,  except  in  the  case 
of  the  self -pollinated  plants  whose  lows  seem  to  be  superior.  The 
individual  fruits  of  the  high-yielding  plants  were  larger. 

Number  of  Squashes  per  Vine 

How  does  the  method  of  pollination  influence  the  number  of 
fruits  per  vine?  Computations  were  made  during  the  years  1914  to 
1917.  The  following  tables  show  the  effect  of  different  methods  of 
pollination  on  the  number  of  squashes  produced : 
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NUMBEB  OF  FbUITS  PER  ViNE 


Series  Mean 

1914 

Inter-croBsed 

High    •  2.54  ±  .13 

Low   2.08  ±  .10 

Self-pollinated 

High    2.65  ±  .12 

Low 1.58  ±  .08 

Open-pollinated 

High    1.96  ±  .06 

Low 1.43  ±  .06 

Check    1.70  ±  .06 

1915 

Inter-crossed 

High   2.00    ±  .12 

Low  2.16    ±  .09 

Self-pollinated 

High    3.00     ±  .19 

Low  1.92     ±  .09 

Open-pollinated 

High 2.13     ±  .08 

Low 2.16     ±  .09 

Check 2.14    ±  .06 

1916 

Inter^croBsed 

High    2.43    ±  .10 

Low 1.90     ±  .06 

Self-pollinated 

High    3.30     ±  .17 

Low 1.70    ±  .06 

Open-pollinated 

High    2.16     ±  .08 

Low 1.86     ±  .07 

1917 
Self-pollinated 

High    2.24     ±  .08 

Low  1.27    ±  .03 

Open-pollinated 

High    1.77     ±  .09 


Standard 
deviation 


1.42  ±  .09 

1.21  ±  .07 

1.26  ±  .09 

.79  ±  .06 

.78  ±  .04 

.67  ±  .04 

.86  ±  .03 


1.13  ±  .08 

1.05  ±  .06 

1.87  ±  .13 

.95  ±  .06 


Coefficient         Average 
of  variability     deviation 


55.96  ±4.72 

68.10  ±4.23 

47.23  ±3.91 

49.66  ±4.17 

39.69  ±2.58 

47.12  ±3.27 

49.98  ±2.48 


56.67  ±6.34 

48.64  ±3.42 

62.36  ±5.98 

49.52  ±4.00 


1.16 
.92 

1.06 
.68 

.57 
.57 
.66 


.90 
.79 

1.41 
.78 


1.02     ±  .06         47.77     ±3.44  .80 

1.06     ±  .06        46.82     ±3.43  .76 

1.01    ±  .04        47.50     ±2.44  .78 


1.64 
.86 

± 

.07 
.04 

67.46 
46.13 

±4.10 
±2.52 

1.17 
.68 

2.42 
.91 

.12 
.41 

73.27 
53.65 

±3.89 
±3.02 

1.70 
.73 

1.23 
1.01 

.05 
.05 

67.09 
64.07 

±3.21 
±8.26 

1.05 
.82 

L64 
.64 

± 
± 

.06 
.02 

73.08 
50.58 

±3.79 
±1.86 

1.14 
.55 

1.25 

±_ 

.07 

70.48 

±5.24 

1.53 

The  highest  mean  was  found  with  the  self -pollinated,  high-yield- 
ing plants  in  each  of  the  four  years,  which  shows  that  the  greatest 
number  of  fruits  is  secured  in  accordance  with  this  treatment.  Indeed, 
self-pollinating  the  high-yielding  plants  produced  more  fruit  than  did 
any  other  treatment,  although  the  high-yielding,  inter-crossed  plants 
were  not  greatly  inferior  in  this  respect. 

It  should  be  remembered  in  this  connection,  however,  as  is  shown 
elsewhere  (page  20),  that  this  treatment  also  averaged  a  smaller  weight 
per  vine  than  did  other  treatments.  In  general  the  same  statement  holds 
in  comparing  the  data  for  standard  deviation.     None  of  the  other 
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methods  of  blossom  treatment  gave  factors  which  show  any  degree  of 
uniformity  during  the  three  years  under  consideration. 

Number  of  Blossoms  and  Number  of  Squashes 

It  was  thought  that  there  might  be  some  relation  between  the 
number  of  blossoms  formed  and  the  number  of  fruits  that  developed. 
Do  high-yielding  plants  produce  more  flowers  than  low-yielding  ones  ? 
If  this  is  the  case,  is  there  some  inter-relation  between  the  number  of 
blossoms  and  the  quantity  of  fruit?  Information  was  collected  as  to 
these  points  during  1915.  The  flowers  on  high-  and  on  low-yielding 
squash  plants  were  counted  in  July  and  August  for  the  whole  blossom- 
ing period. 

Blossom  Data  of  High-  and  Low- Yielding  Plants 


Number  of  Flowkrs 

Series 

Number 

of 

vines 

All  flowers 
averasre 
per  vine 

Male  flowers   Female  flowers 
average             averagre 
per  vine             per  vine 

Ratio 
male  to 
female 

Hlgh-Tielding 
Low-yieldiiig 

177 
143 

20.4 
24.9 

16.3                   4.1 
21.2                   3.7 

4.     to  1 
5.7  to  1 

The  low-yielding  plants  averaged  to  produce  22  percent  more  total 
blossoms  than  did  the  high-yielding  plants,  30  percent  more  staminate, 
but  10  percent  less  pistilate  flowers.  Thus  one  might  infer  that  the 
low-producing  plants  were  unable  to  set  as  many  pistillate  blossoms  as 
were  the  high-yielding  plants ;  however,  in  reality,  they  produced  more 
fruit  as  computed  and  shown  in  the  table.  There  would  seem  to  be  no 
apparent  or  necessary  correlation  between  blossom  numbers  and  fruit 
yields.  Indeed  there  seems  to  be  no  limit  to  the  number  of  blossoms 
which  may  be  formed  on  a  squash  plant,  except  that  set  by  frost. 

Effect  of  Pruning  on  Production 

It  is  characteristic  of  squashes,  as  it  is  of  other  cucurbits,  to  con- 
tinue growth,  to  form  blossoms  and  to  set  fruit  until  very  late  in  the 
season.  This  habit  generally  results  in  the  production  of  many  imma- 
ture squashes.  These  are  not  merely  waste  in  themselves  but  they 
draw  upon  the  general  food  supply  of  the  plant.  Could  not  the  energy 
thus  wasted  in  producing  superfluous  branches  and  late  formed  fruits 
be  devoted  to  the  greater  development  and  finer  perfection  of  the  early 
set  squashes?  Could  not  rampant  vine  growth  and  late  set  blossoms 
be  prevented  or  lessened? 
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Certain  pruning  experiments  were  started  in  order  to  test  the 
practicability  of  pruning  squash  plants,  by  cutting  back  the  ends  of 
rapidly  growing  vines  and  removing  the  late  formed  blossoms.  The 
pruning  and  disbudding  operations  were  conducted  separately,  so  that 
the  effect  of  each  procedure  upon  the  outcome  could  be  definitely 
determined. 

The  pruning  consisted  simply  in  cutting  off  the  ends  of  the  vines 
about,  two  feet  beyond  the  point  of  the  second  or  third  developing 
fruit.  The  effect  of  this  treatment  is  shown  below  in  contrast  to  the 
production  of  unpruned  vines. 

Effect  of  Pruning  the  Vines 


Number  of 

Average  yield 

Percent  loss  or  gain 

Year 

Treatment 

vines 

pounds 

pruned  over  check 

1913 

check 

20 

12.2 

pruned 

19 

13.6 

+11.1 

1914 

check 

20 

46.1 

pruned 

20 

43.6 

—  6.4 

1916 

check 

20 

29.2 

pruned 

20 

20.2 

—30.8 

In  1913  an  11  percent  gain  appeared,  but  in  1914  and  1915  losses 
of  5  and  31  percents  occurred.  Vines  grow  mostly  from  the  end. 
If  growing  parts  are  removed  little  subsequent  growth  occurs  where- 
with to  support  the  accumulated  burden  that  follows  the  setting  of 
early  squashes.  As  is  shown  elsewhere,  a  positive  correlation  exists 
between  the  number  of  leaves  per  plant  and  the  production  of  fruits. 
This  may  explain  these  unfavorable  results.  When  many  leaves  are 
cut  away  the  assimilative  capacity  of  the  plant  is  materially  reduced. 
A  vine  cannot  produce  large  yields  without  abundant  foliage.  In  view 
of  these  facts,  it  seems  clear  that  vine  pruning  can  have  no  beneficial 
effect  but,  on  the  contrary,  is  likely  to  prove  harmful. 

Disbudding,  as  practiced,  involves  the  removal  of  late  formed 
buds.  The  Hubbard  produces  an  astonishing  amount  of  pollen,  the 
average  number  of  male  flowers  per  plant  during  the  season  being 
about  80.  A  staminate  flower  produces  on  the  average  0.05  grams  of 
pollen.  An  acre,  two  plants  per  hill,  would  carry :  planted  9x9,  9.6 
pounds ;  10  x  10,  7.8  pounds ;  12  x  12,  5.4  pounds ;  15  x  15,  3.5  pounds. 
This  abundance  may  well  suggest  wastage  of  plant  resources,  notwith- 
standing the  fact  that  liberal  supplies  are  necessary.  Pollen  is  a  very 
rich  substance,  containing  a  high  percentage  of  albuminous  material. 
If  this  surplus  could  be  transferred  to  the  growth  of  the  fruits  with 
corresponding  reduction  in  number,  the  total  yield  might  be  materially 
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increased.  Disbudding  operations  began  when  two  or  three  fruits 
had  set,  after  which  staminate  buds  and  flowers  were  cut  away.  These 
operations  resulted  in  a  gain  over  the  check  plants,  as  appears  below : 

Results  of  Disbudding 


Tear 

Treatment 

Number  of 
vines 

Average  weight  of 
fruit  per  vine 

Gain  for 
disbudding 

1913 
1914 

check 
disbudded 
check 
dishndded 

20 
20 
20 
20 

lbs. 
12.2 

16.4 

46.1 

47.0 

-i-26.2 
4-"i' 

The  disbudded  plants  exceeded  the  checks  in  average  yield  by  27 
percent  in  1913,  and  by  2  percent  in  1914.  Disbudding  did  not  involve 
much  work,  although  for  a  time  daily  attention  was  required.  Under 
intensive  methods  of  culture,  a  limited  amount  of  disbudding  may 
prove  worth  while. 

Correlation  in  Number  of  Leaves  and  Weight  of  Fruits 

Correlation  refers  to  that  interrelation  between  separate  characters 
by  which  they  tend  in  some  degree  at  least  to  move  together.  Thus, 
if  an  increase  in  one  character  is  always  followed  by  a  corresponding 
and  proportional  increase  in  a  related  character,  the  correlation  is  said 
to  be  perfect,  and  the  ratio  is  1.  On  the  other  hand,  if  an  increase  in 
one  character  is  followed  by  a  corresponding  and  proportional  decrease 
in  a  related  character,  the  correlation  is  said  to  be  negative,  and  the 
ratio  is  — 1,  or  perfect  negative  correlation. 

The  several  steps  in  the  process  of  computing  the  correlation  are 
as  follows:  The  populations  were  arrayed  in  the  correlation  table  so 
there  would  be  two  sets  of  frequencies;  one  as  to  the  number  of 
leaves,  and  one  as  to  weight  of  fruit.  For  each  of  these  the  means 
and  average  deviations  were  calculated.  Then  the  number  in  each 
square  of  the  correlation  table  is  taken  and  multiplied  by  each  corre- 
sponding deviation  in  both  weight  and  number.  Finally  the  probable 
error  of  the  determined  values  is  ascertained. 

A  determination  on  the  possible  correlation  between  the  number 
of  leaves  and  the  weight  of  fruit  per  vine  gave  positive  results. 
Counts  of  leaves,  and  weighings  of  fruits  were  made.  The  correla- 
tion tables  are  as  given  below.  The  data  on  correlation  show  a  close 
interrelation  of  the  number  of  leaves  and  weight  of  fruits.     In  1914 
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the  correlation  was  .742  ±  0.16;  in  1915  it  was  .610db  .023;  in  1916 
it  was  .793  ±  .012;  and  in  1917  it  was  .718  ±  0.14.  Such  positive 
and  parallel  correlations  for  four  consecutive  years  afford  valid  evi- 
dence of  the  interrelationship  of  the  number  of  leaves  and  the  weight 
of  fruit  produced.  The  correlation  data  should  be  taken  into  account 
in  connection  with  the  data  on  pruning  which  are  presented  elsewhere 
(p.  24).  It  is  reasonable  to  expect  correlations  between  the  number 
of  leaves  and  the  crop  produced,  since  leaves  are  the  great  assimilative 
organs  of  the  plant.  In  general,  then,  the  more  leaves,  the  better 
nourished  the  plant  may  be  and  the  greater  its  possible  output  of 
squashes.  The  biological  explanation  of  the  correlation  may  be  on 
the  basis  of  vigor  of  the  plant.  The  stronger  and  more  vigorous  the 
growth,  the  quicker  the  plant  initiates  its  "grand  period"  of  growth. 
An  abundance  of  early  foliage  might,  therefore,  ultimately  result  in 
the  production  of  more  fruits.  Early  advantages  are  of  value  in 
Increasing  the  crop  for  the  year. 

Control  of  Quality  in  Hubbard  Squash 

It  is  generally  believed  that  all  varieties  of  squashes  possess  dis- 
tinct characteristics  of  quality.  Among  absolutely  pure  varieties  this 
is  probably  true,  but  few  if  any  squashes  in  reality  are  pure  and  true  to 
their  varietal  characteristics.  Within  almost  any  lot  there  doubtless 
exists  more  or  less  impurity,  due  to  admixtures  which  arise  because 
of  the  open  pollination  of  the  flowers  and  the  cross  fertilization  of 
fruits.  There  is  undoubted  mixture  among  closely  allied  forms,  such 
as  Hubbard,  Butman  and  Delicious,  and  it  is  common  to  find  many 
non-typical  specimens  within  a  supposedly  pure  lot  of  any  of  these 
varieties.  In  fact  many  gardeners  are  unable  to  identify  a  typical 
Hubbard  for  the  simple  reason  that  they  seldom  see  one. 

The  Hubbard  Type 

What  is  a  Hubbard  squash  ?  How  may  its  characteristics  be  de- 
scribed? In  answering  the  foregoing  questions,  it  is  well  to  refer 
to  the  original  description  as  given  by  the  late  J.  J.  H.  Gregory  of 
Marblehead,  Mass.,  who  wrote  "The  form  of  the  Hubbard  is  spherical 
at  the  middle,  gradually  receding  to  a  neck  at  the  stem  end,  and  to  a 
point  usually  curved  at  the  calyx  end  where  it  terminates  in  a  kind  of 
button  or  acorn.    In  color  it  is  dark  green,  excepting  where  it  rests  on 
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the  ground,  where  it  is  of  an  orange  color.  It  usually  has  streaks  of 
dirty  white  beginning  at  the  calyx  end  where  the  ribs  meet,  and  extend- 
ing from  one-half  to  two-thirds  the  way  to  the  stem." 

The  forms  generally  known  as  Hubbard,  if  true  to  type,  are  dark 
green,  and  are  to  be  distinguished  from  blue-  forms,  of  which  the  Mid- 
dleton  Blue  was  probably  the  ancestral  blue  parent ;  from  the  Delicious 
which  is  smaller  and  smoother  than  the  Hubbard;  from  the  Butman 
which  has  a  skin  of  a  grassy  green  intermixed  with  white ;  from  the 
Warted  Hubbard  which  has  a  rough  and  warty  surface  due  to  small 
protuberances  which  form  on  the  shell;  and,  finally,  from  the  Golden 
Hubbard  which  has  a  salmon  red  shell  when  ripe.  The  Warted  Hub- 
bard is  larger  and  keeps  longer  than  the  Smooth  Hubbard,  perhaps 
because  of  its  harder  and  more  impervious  shell.  Most  of  the  com- 
mercial Hubbards  grown  today  are  more  or  less  impure  and  exhibit 
some  of  the  characteristics  of  the  closely  allied  forms  listed  above. 
The  warting  is  of  frequent  occurrence  on  many  Hubbards  and  may  be 
either  poorly  or  well  developed. 

Structure  of  Hubbard 

The  squash  is  properly  called  a  fruit,  although  known  botanically 
as  a  "pepo."  The  marketable  product  is  the  ripened  ovary,  with  the 
ovules  matured  to  seeds,  with  the  periphery,  the  exocarp  and  mesocarp, 
gorged  with  food,  and  the  exterior  of  the  exocarp  hardened  to  a  shell. 
Within  the  fleshy  pericarp  is  located  the  spongy,  fibrous  and  unpalat- 
able placenta  bearing  the  seeds.  Quality  is  much  influenced  by  the 
abundance  and  coarseness  of  the  placental  fibres  which  extend  into 
and  through- the  flesh.  The  preservation  of  a  squash,  as  well  as  its 
quality,  is  associated  with  the  hardness  and  thickness  of  the  shell, 
which  is  a  commercial  asset  since  it  permits  long  distance  shipments. 
The  shell  thickness  seems  correlated  with  high  quality.  Measurements 
show  variations  ranging  from  0.025  as  a  minimum  to  0.25  as  a  maxi- 
mum with  an  average  of  0.137  inches.  Thick  shelled  squashes  are 
usually  of  extra  good  quality,  although  the  Warted  Hubbards  may  be 
exceptions  in  this  respect.  Thick  and  hard  shells  are  associated  with 
ripeness  of  squash. 

The  flesh  is  subject  to  marked  variations  in  respect  to  color,  thick- 
ness, flavor,  texture,  moisture  and  quality.  Its  normal  and  typical 
color  is  yellowish  orange.     In  passing  from  the  shell  inward  towards 
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the  placenta,  it  deepens  from  a  pale  yellow  to  a  clear  orange,  especially 
in  thick-fleshed  and  well-ripened  specimens.  This  color  differentiation 
is  associated  with  quality  differentiation.  The  thickness  of  the  flesh 
also  is  variable,  careful  measurements  indicating  variations  from  0.6 
to  3.1  with  an  average  of  1.47  inches.  A  thick-fleshed  squash  is  pre- 
ferable to  a  thin-fleshed  fruit  since  it  contains  a  relatively  larger  pro- 
portion of  edible  product.  Thickness  of  flesh,  however,  is  not  always 
associated  with  fine  quality. 

Quality  of  Hubbards 

There  is  much  difference  in  the  flavor  and  quality  of  squashes. 
Some  are  sweet  and  nutty,  some  are  mild,  some  are  strong  flavored, 
some  taste  much  like  pumpkin.  Most  Hubbards  are  sweet,  pleasant 
and  palatable,  although  one  often  finds  insipid  or  strongly  unpleasant 
and  distinctly  unpalatable  specimens.  Insipidity  is  characteristic  of 
immature  or  of  long  stored  squashes.  The  texture,  either  raw  or 
cooked,  is  by  no  means  constant.  Texture  represents  a  composite  of 
granulation  and  fibrination.  Careful  comparative  analysis  of  the 
physical  structure  enables  one  to  note  marked  textural  differences. 
Some  specimens  are  dry  and  mealy,  as  well  as  sweet  and  palatable; 
others  are  coarsely  granular  or  even  lumpy.  Moderate  size  granules 
are  to  be  preferred.  A  too  finely  granular  flesh  usually  results  in  a 
pasty  or  salvy  product.  Proper  granulation  imparts  good  texture  to 
the  flesh. 

A  flesh  reasonably  free  from  moisture,  dry  and  mealy,  is  usually 
held  to  be  ideal.  The  number  of  strings  or  fibro-vascular  bundles 
composing  the  placenta  and  permeating  the  flesh  modify  its  texture 
according  to  their  size,  toughness  and  general  abundance.  Some 
squashes  are  quite  fibrous  and  stringy,  while  others  contain  only  a 
few  fibers  which  are  soft,  small  and  melting.  The  proportion  of 
fibers  appearing  in  the  finished  dish  is  determined  in  part  by  the  care 
exercised  in  cutting  or  scraping  the  placental  portion  from  the  firm 
flesh  and  in  part  by  the  nature  of  the  specimen.  In  tests  made  in 
connection  with  these  studies,  care  was  taken  to  remove  from  each 
specimen  a  uniform  portion  of  placenta  that  was  not  too  closely  inter- 
woven with  the  flesh  and  therefore  not  involving  wastage  of  flesh. 
However,  even  when  these  precautions  were  observed,  certain  speci- 
mens were  found  in  which  so  many  fibers  had  penetrated  the  flesh  that 
the  final  product  was  of  inferior  quality. 
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Hubbards  vary  greatly  in  respect  to  their  moisture  content.  Some 
are  wet,  others  are  dry  and  mealy.  The  latter  characteristic  is  the 
desired  one.  In  common  with  other  vegetables,  squash  contains  much 
water.  Texture,  flavor  and  quality  of  the  flesh  are  better  near  the 
shell  than  towards  the  center.  The  flesh  at  the  outermost  periphery 
is, sweeter  and  more  granular  than  that  at  the  innermost  periphery. 
That  this  is  so  was  testified  to  in  several  instances  by  five  different 
and  unwarned  persons.  The  samplers  in  each  instance  supposed  that 
they  were  passing  judgment  on  the  quality  of  different  squashes  rather 
than  upon  that  of  different  layers  of  flesh  from  the  same  specimen. 
Furthermore,  this  verdict  was  substantiated  by  chemical  analyses  with 
special  reference  to  sugar  content.  A  test  was  made  with  reference 
to  moisture  aud  sugar  differences  in  three  layers  of  flesh  beginning  in- 
side next  to  the  placenta  and  extending  to  the  shell.  A  slice  of  flesh 
from  a  squash  was  divided  into  six  sections.  Three  of  the  uncooked 
alternate  sections  were  taken  representing  three  layers,  which,  upon 
analysis  gave  the  following  differences :  Inner  portion  of  flesh  92.78 
percent  moisture  and  7.22  percent  dry  matter ;  middle  portion  92.95  per- 
cent moisture  and  7.05  percent  dry  matter ;  outer  portion  92.39  percent 
and  7.61  percent  dry  matter. 

The  remaining  three  sections  were  steam  cooked,  and  three  cor- 
responding layers  of  flesh  were  analyzed  for  moisture  and  sugar  con- 
tent with  results  as  follows : 

Moisture  and  Sugab  Content  in  Inner  and  Outer  Flesh 

Moisture       Reducing  sugars         Sucrose  Total  sugar 

%  %  %  % 

Inner  portion 91.01  3.09  0.57  3.66 

Middle  portion 90.78  4.42  0.47  4.89 

Outer  portion    89.93  4.79  0.63  5.42 

The  outer  flesh  carried  half  as  much  again  total  sugars  as  did  the 
inner  portion,  the  middle  portion  being  intermediate.  The  dry  matter 
of  the  inner  flesh  contained  40  percent  of  the  sugars  and  of  the  middle 
and  outer  parts  53  percent.  The  water  content  of  the  inner  flesh 
was  higher  than  that  of  the  outer  by  1.08  percent,  with  the  middle  flesh 
intermediate. 

Many  poor  specimens  were  found  during  the  early  quality  testing 
spect  to  palatability  that  their  moisture  and  sugar  content  were  deter- 
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mined.  One  was  quite  moist  and  of  poor  quality ;  the  other  was  dry, 
sweet  and  of  good  quality.  The  outer  and  inner  portions  of  the  flesh 
of  each  specimen  were  separated  after  having  been  steam  cooked  and 
analyzed  with  results  as  follows : 

€k)OD  AT^D  Poor  Quality  Squasheh,  Moisture  and  Sugar  Cotttent    ^ 

Moisture      Reducing  sugars         Sucrose  Total  sugar 

%  %  %  % 

Poor  quality 

Inner  flesh 89.65  3.16  0.46  3.62 

Outer  flesh 89.76  2.86  0.34  3.19 

Average 89.70  3.00  0.40  3.41 

Good  quality 

Inner  flesh 87.55  4.31  0.86  5.17 

Outer  flesh 86.21  4.63  1.21  5.84 

Average 86.88  4.47  1.04  5.50 

The  specimen  of  poor  quality  carried  2.82  percent  more  moisture, 
1.47  percent  less  reducing  sugars,  0.64  percent  less  sucrose  and  2.09 
percent  less  total  sugars  than  the  specimen  which  was  of  good  quality. 
These  figures  throw  some  light  on  the  question  of  what  constitutes 
good  quality  in  Hubbard  squashes  and  led  to  the  more  extensive 
studies  as  to  the  relationship  between  chemical  composition  and  quality 
in  squash  discussed  on  pages  40  to  47. 

Many  years  ago  Gregory  said,  "Squash  should  be  cooked  by 
steam  rather  than  by  hot  water  and  should  be  served  on  the  shell." 
Since  the  most  nutritious  and  palatable  portion  of  the  flesh  is  near 
the  shell,  it  should  be  scraped  clean,  regardless  of  how  the  product  is 
served,  thus  insuring  the  largest  amount  of  the  most  nutritious  and 
pleasant  tasting  portion. 

Obviously  many  factors  enter  into  the  determination  of  quality  in 
squashes.  In  general,  however,  it  may  be  said  that  it  is  decided 
chiefly  by  the  chemical  composition  and  especially  by  the  content  of 
sugars  and  starches  which  give  flavor  and  food  value  to  the  fruit; 
and  to  a  considerable  extent  by  the  structure  of  its  flesh  which  is  com- 
posed of  fibers  and  granules  which  by  their  number,  sizes  and  tough- 
ness, give  it  character  and,  finally,  in  part  by  the  moisture  content. 
Satisfactory  quality  in  squashes  is  seldom  if  ever  found  unless  asso- 
ciated with  pleasant  flavor  and  proper  texture,  suitable  water  content 
and  an  abundant  sugar  percentage,  good  granulation  or  a  tolerable 
amount  of  fibers,  as  necessary  complements.  Quality,  then,  is  a 
generic  and  all  embracing  term. 


Flowers  of  equash  with  stamlnate  a.t  lert.  anil  pistillate  at  right. 

S«cllonB  of  flesh  and  shell  to  ehow  line  of  demarkatlon  in  ripe  specimens  In 

ml(1<lle.  aa<l  no  line  at  left  in  unripe  squash. 
Cross  sections  of  squashes  showing  differences  In  thickness  of  flesh. 
Shapes  and  surface  marking  of  Hubbards  showing  lacli  of  trueness  to  type. 

All  seed  from  same  source.     Second  specimen  at  left  in  bottom  row  Is 

the  only  true  Hubbard  in  the  lot. 


Transplanted  squash  plants,  three  weeks  old  when  set  out.  showing  also  pots  In  which 

they  were  grown  and  boxes  used  as  covers  to  protect  against  trost. 
Relative  yields,  high  and  low  producing  plants. 
Variation  In  yields  per  vine. 
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Control  of  Quality 

To  what  extent  may  quality  be  controlled  by  seed  selection  ?  The 
samples  of  squashes  that  were  used  in  the  trials  were  steam  cooked 
and  tested  for  quality.  In  recording  judgment  attention  was  given 
to  flavor ;  to  moisture ;  to  texture  as  shown  by  granulation  and  fibrina- 
tion ;  and,  finally,  to  quality  as  a  summation.  The  tests  were  conducted 
throughout  each  winter  from  1915  to  1920  inclusive,  sampling  and  test- 
ing beginning  in  November  and  continuing  at  weekly  intervals  for  a 
considerable  period.  An  idea  of  the  nature  of  the  physical  analysis 
at  the  time  of  testing  is  given  on  the  accompanying  table  which  shows 
the  distribution  of  the  quality  factors.  These  scores  were  assembled 
regardless  the  nature  of  the  strain  or  their  previous  status.  The 
table  lists  the  number  of  specimens  and  the  percentage  total  for  each 
year,  under  the  headings  of  fibrination,  granulation,  moisture,  flavor 
and  quality.  For  instance,  in  1915,  19  percent  of  the  specimens  tested 
were  very  fibrous;  36  percent  were  merely  fibrous;  33  percent  were 
medium  fibrous ;  12  percent  were  slightly  fibrous  and  none  were  abso- 


dlbtribittion  factors  of  quality 
All  Strain  Combined 


FIBBINATION 

Grade 

No.  spec. 

% 

No.  spec. 

% 

No.  spec. 

% 

No.  spec. 

% 

1916 

1916 

1917 

1918 

Very  flbrouB 

26 

19 

7 

8 

7 

3 

6 

2.2 

Fibrous 

49 

35.8 

26 

20.7 

74 

31.6 

116 

43.4 

Medium 

46 

82.8 

12 

27.6 

55 

23.5 

28 

10.5 

Few 

17 

12.4 

24 

13.8 

17 

7.3 

87 

32.6 

None 

•  • 

• .  • . 

18 

29.8 

81 

34.6 

30 

11.2 

GRANULATION 

Very  flue 

22 

16.1 

2 

2.3 

133 

56.8 

63 

23.6 

Fine 

35 

25.6 

48 

55.2 

24 

10.3 

62 

23.2 

Medium 

48 

35 

27 

31 

67 

28.6 

78 

29.2 

Coarse 

29 

21.2 

9 

10.3 

9 

3.8 

64 

24 

Very  coarse 

3 

2.2 

1 

1.1 

1 

.4 

•  • 

•  •  •  • 

MOISTURE 

Dry 

50 

36.5 

33 

37.9 

44 

18.8 

69 

25.8 

Medium 

63 

46 

45 

51.7 

143 

61.1 

122 

45.7 

Wet 

19 

13.9 

8 

9.1 

43 

18.4 

76 

28.5 

Very  wet 

5 

3.6 

1 

1.2 

4 

1.7 

■  ■ 

• .  • . 

FLAVOR 

Excellent 

3 

2.2 

2 

2.3 

•  • 

•  •  •  • 

37 

13.9 

Very  good 

8 

5.8 

2 

2.3 

3 

1.3 

80 

29.9 

Good 

51 

37.2 

52 

59.8 

126 

53.8 

70 

15 

Fair 

37 

27 

12 

13.8 

33 

14.1 

19 

7.1 

Poor 

38 

27.8 

19 

21.8 

72 

30.8 

91 

34.1 

QUALITY 

Excellent 

12 

8.8 

18 

20.7 

8 

3.4 

15 

5.6 

Very  good 

20 

14.6 

13 

14.9 

36 

15.4 

40 

15 

Good 

33 

24.1 

24 

27.6 

87 

37.2 

84 

31.5 

Fair 

41 

29.9 

16 

18.4 

41 

17.5 

71 

26.6 

Poor 

31 

22.6 

16 

18.4 

62 

26.5 

57 

21.3 

34 
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lately  fiberless.     The  extent  of  the  variations  in  the  other  factors  is 
shown  in  the  headings  that  were  adopted  for  the  classification. 

Seed  Selection  and  Quality 

Preliminary  quality  studies  were  made  from  the  1914  crop.  Seeds 
from  four  poor  squashes,  and  five  good  ones  were  used.  The  number 
and  quality  of  their  progeny  in  1915  is  given  in  the  table  below : 

Influence  of  Pabents  on  Qualitt  of  Pbooeny 

Quality  Quality  of  progreny  in  1915 

in  1914      Squash  Excellent    Very  good       Gk>od  Fair  Poor       Total 

A,      •■• ■>.  •••  O  i  1  \Jd 

D    «••••••••••        *••  •••  ••■  1  «l  4 

Poor        C ...  ...  ...  2  2 

Total ...  5  4  12  21 

Percentage ...  24  19  57  100 

E 1  ...  1  2  1  5 

Good        O 1  ...  ...  ...  ...  1 

Xa    ...........         ...  ...  X  X  ...  M 

I    1  ...  9  7  ...  17 

Total   4  ...  11  10  1  26 

Percentage 15  ...  42  39  4  100 

Of  the  squashes  derived  from  poor  quality  parents  none  were  very 
good  or  excellent,  42  percent  were  good,  39  percent  fair,  and  4  per- 
cent poor.  These  first  results  were  very  suggestive  of  three  things: 
First,  the  probable  importance  of  good  heritage;  second,  the  apparent 
undesirable  combination  of  quality  factors;  and,  third,  the  need  of 
studying  quality  inheritance.  In  view  of  these  observations,  more 
extensive  trials  were  instituted  in  1915  and  continued  for  five  years. 

In  1915,  137  squashes  were  sampled  for  quality;  in  1916,  87;  in 
1917,  234;  and  in  1918,  267;  in  1919,  95;  and  in  1920,  132;  a  total  of 
952  specimens.  Beginning  with  the  crop  of  1915,  four  quite  distinct 
strains  were  employed  to  ascertain  the  possible  control  of  quality  by 
seed  selection  as  based  upon  the  edibility  tests.  The  particulars  of 
these  types  are  given  herewith : 


Inheritance  of  Quality  in  Four  Strains 

No.  773.     Tests  extended  over  four  years.     In  1915  a  squash 
specimen,  98,  was  tested  and  characterized  as  being  moderately  moist. 
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with  a  coarse  granulation  having  many  fibers,  poor  in  flavor,  but  fair 
in  quality.  In  1916,  three  progeny  specimens,  179,  181  and  182,  were 
tested  and  found  to  be  slightly  fibrous,  finely  granular,  medium  to  dry 
in  moisture,  sweet  in  flavor,  and  good  to  excellent  in  quality.  Speci- 
men 181,  which  was  the  parent  for  the  1917  crop,  was  a  medium 
sized  specimen,  greenish  brown  in  color,  with  mottled,  but  indistinct 
rays  and  a  smooth  exterior.  The  shell  was  0.15  inch  in  thickness, 
hard  and  brittle.  The  flesh  was  light  orange  in  color  with  no  green, 
1.4  inches  thick,  dry,  mealy,  of  good  texture,  sweet  and  excellent  in 
quality.  Of  the  1917  progeny  38  specimens  were  tested;  5  being 
excellent ;  16  very  good ;  13  good ;  3  fair ;  and  1  poor.  The  good 
specimens  were  to  the  poor  in  the  ratio  of  8  to  1.  Strain  773  ranked 
good  in  1916,  and  also  in  1917.  Its  tested  progeny  in  1918  gave  6 
excellent  specimens;  13  very  good;  19  good;  14  fair;  and  13  poor; 
58  percent  being  good  or  better  and  42  percent  fair  or  poor  in  quality. 
The  use  of  this  strain  was  discontinued  in  1919. 

No.  270  was  of  good  quality.  Its  original  parent  was  tested  Feb- 
ruary 4,  1916,  and  recorded  as  granular,  slightly  fibrous  in  texture,  dry, 
fair  in  flavor  and  only  fair  in  quality.  Of  the  1916  crop,  5  specimens 
were  tested,  all  being  medium  coarse  in  granulation,  slightly  fibrous, 
moderately  dry  in  flesh,  while  the  flavor  of  all  but  one  was  good,  two 
being  excellent,  one  very  good,  one  good  and  one  poor  in  quality. 
Specimen  205  was  classed  as  good  in  quality,  was  chosen  as  the  parent 
for  the  1917  crop,  and  37  of  its  progeny  were  tested  in  the  vnnter  of 
1917-18,  1  being  excellent,  13  very  good,  13  good,  6  fair  and  4  poor  in 
quality.  The  extremes  were  rare,  the  means  (good  and  very  good) 
greatly  in  the  majority.  In  the  1918  crop  strain  270  produced  8  speci- 
mens that  were  excellent ;  16  very  good ;  16  good ;  16  fair ;  and  9  poor. 
In  the  1919  crop  it  produced  26  excellent  specimens ;  23  that  were  very 
good ;  16  good ;  11  fair ;  and  5  poor  ones.  In  the  1920  crop  there  were 
7  excellent  squashes ;  14  very  good ;  14  good ;  4  fair ;  and  no  poor  ones. 
Strain  270  was  obviously  a  good  sort  for  in  three  successive  years  it 
produced  of  good  or  better  and  of  fair  to  poor  progeny,  respectively, 
61  and  39  percents ;  80  and  20  percents ;  and  90  and  10  percents. 

No.  31  was  chosen  for  quality  tests  because  of  its  large  size  and 
its  flesh  characters  which  contrasted  well  with  those  of  strain  270.  It 
was  specimen  205  of  the  31  strain  of  the  crop  of  1916,  weighed  14J4 
pounds  and  was  the  only  fruit  on  the  vine.     It  was  globular  in  shape, 
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rough  on  the  exterior,  without  rays,  and  light  grayish-green,  almost 
yellow  in  color.  Its  shell  was  hard,  brittle  and  thin,  measuring  36 
mm.  in  thickness  and  its  flesh  orange  in  color,  fine  in  texture  and  very 
fibrous,  quite  moist,  sweet  and  palatable.  It  scored  "good"  in  quality. 
Forty-six  specimens  of  the  1917  crop  were  tested.  None  were  deemed 
excellent ;  6  were  held  to  be  very  good ;  22  good ;  10  fair ;  and  8  poor. 
Not  a  single  fruit  possessed  that  desirable  combination  of  dryness  and 
sweetness  together  with  agreeable  texture  and  good  flavor  necessary 
for  admittance  among  the  "excellent." 

In  the  1918  crop,  49  specimens  were  set  aside  for  quality  tests, 
which  graded  5  very  good;  17  good;  20  fair;  and  7  poor.  The  fair 
and  poor  ones  were  wet,  coarse  in  texture  or  unpalatable  in  flavor. 
Of  the  1919  crop  none  were  excellent;  only  two  were  deemed  to  be 
very  good ;  10  good ;  53  fair ;  and  35  were  poor.  In  the  1920  crop, 
none  were  excellent;  one  was  held  to  be  very  good;  7  good;  11  fair; 
and  27  were  poor.  The  percentage  statements  for  the  4  years  were : 
good  or  better,  61,  45,  12  and  17;  fair  or  poor,  39,  55,  88  and  83.  The 
fact  that  there  was  not  a  single  excellent  specimen  grown  in  five  years 
suggests  that  the  right  combination  of  factors  for  good  quality  was 
unattainable.  It  was  not  there.  The  attributes  of  sweetness,  dryness 
and  good  texture  did  not  appear  in  this  strain. 

No.  531  was  poor  at  the  outset  and  continued  to  be  poor  through- 
out four  years.  It  was  chosen  to  contrast  with  773.  In  1915  it  was 
described  as  small,  round,  nearly  smooth  with  narrow  greenish  rays 
extending  from  stem  to  apex.  The- flesh  was  very  wet,  fine  grained, 
and  stringy,  poor  in  flavor  and  in  quality.  The  offspring  in  the  crop 
of  1916  were  poor  in  quality.  The  1917  crop  consisted  of  5  mature 
specimens  graded  as  2  fair  and  3  poor.  The  1918  crop  bore  88  speci- 
mens which  the  quality  basis  graded  1  excellent ;  6  very  good ;  32  good ; 
21  fair ;  and  28  were  poor,  44  percent  being  good  or  better  and  56  per- 
cent fair  to  poor.  There  was  but  one  really  fine  specimen,  28  were 
not  fit  to  eat  and  21  were  scarcely  edible.  Unpleasant  flavor,  excessive 
strands  and  fibers  or  extreme  wetness  were  the  discounting  factors. 
This  strain  was  discontinued  in  1919. 

Check  series.  The  1919  check  lot  was  grown  from  purchased  seed 
and,  therefore,  was  of  unknown  quality.  It  so  happened  that  69  per- 
cent of  its  progeny  were  good.  Of  the  80  specimens  tested,  12  were 
excellent;  28  very  good;  15  good;  15  fair;  7  poor;  and  2  green.     The 
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quality  of  the  fruit  raised  from  commercial  seed  may  be  either  good  or 
poor  and  the  chances  are  equal.  This  lot  happened  to  have  good 
parents  and,  consequently,  much  of  the  fruit  was  of  fine  quality,  com- 
paring well  with  strain  270  (page  35).  A  second  year  such  seed 
might  yield  squashes  to  a  considerable  extent  resembling  strain  31 
(pages  37-38). 

The  1920  check  lot  derived  from  the  1919  check  series  yielded  4 
excellent  squash;  11  very  good;  20  good;  10  fair;  and  2  poor  fruit, 
74  percent  being  good  or  better  and  26  percent  inferior  in  respect  to 
quality.  The  check  lot  was  intermediate  between  270,  a  good  strain, 
and  31,  a  poor  one.  For  purposes  of  ready  comparison,  the  quality 
of  the  tests  are  assembled  in  a  connected  table. 


Quality  Records  voe  Four  Years 


Number 

Year 

BQuashes 

of  crop 

tested 

Excellent 

Very  good 

Good 

Fair 

Poor 

% 

% 

% 

% 

% 

% 

Strain 

1916 

1 

•  •  • 

•  •  • 

100 

a  •  a 

•  •  • 

270 

1916 

1 

100 

•  •  • 

■  •  • 

•  ■  • 

• « • 

1917 

32 

3 

34 

41 

19 

3 

1918 

48 

11 

27 

33 

21 

8 

1919 

68 

37 

32 

22 

6 

3 

1920 

39 

18 

36 

36 

10 

■  a  a 

Strain 

1915 

1 

«  •  • 

•  a  • 

•  a  a 

100 

31 

1916 

1 

•  ■  • 

a  a  a 

a  ■  • 

100 

1917 

7 

«  •  • 

14 

43 

43 

1918 

40 

10 

35 

42 

13 

1919 

81 

.  2 

10 

54 

34 

1920 

46 

2 

15 

'24 

59 

Strain 

1915 

1 

•  •  • 

•  •  • 

•     9     • 

100 

a  a  a 

773 

1916 

1 

100 

•  •  • 

a  a  • 

•    •    m 

•    •    m 

1917 

30 

23 

50 

27 

a  •  • 

•    •    • 

1918 

68 

13 

27 

27 

19 

14 

Strain 

1915 

1 

•  •  • 

•  •  • 

100 

a  a  a 

•  a  • 

531 

1916 

1 

•  •  « 

•  •  • 

•  •  a 

a  a  a 

100 

1917 

20 

•  •  • 

•  •  • 

30 

10 

60 

1918 

79 

1 

10 

37 

25 

27 

Strain 

1916 

1 

•  •  • 

•  •  • 

100 

a  a  a 

a  a  • 

900 

1916 

1 

•  •  • 

•  «  • 

100 

m    •    • 

a  •  a 

1917 

46 

•  *  a 

13 

49 

22 

16 

Check 

1919 

67 

18 

40 

24 

15 

3 

1920 

47 

9 

23 

43 

21 

4 
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In  an  endeavor  to  sum  up  concisely  the  quality  of  the  various 
strains  of  squashes  for  each  year,  so  that  comparisons  could  be  readily 
made,  an  arbitrary  value  which  might  be  called  an  "index  of  quality" 
was  computed.  The  following  values  were  given  to  the  different 
classes : 


Value  2  1  0—1—2 

The  percentage  in  each  class  was  multiplied  by  the  value  assigned 
to  that  class.  The  algebraic  sum  of  the  resulting  figures  was  used  as 
an  index  of  quality.  An  index  of  zero  indicates  that  the  squashes  as 
a  whole  were  of  average  or  "good"  quality ;  a  plus  sign  a  variation 
better  than  average  quality ;  and  a  minus  sign  a  variation  in  quality  in- 
ferior to  the  average.  For  example,  if  the  entire  produce  of  a  strain 
graded  "very  good,"  the  index  would  be  +100;  if  fair,  — 100. 

The  following  table  shows  the  index  of  quality  of  the  several 
strains  for  four  years: 
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Index 

OF  Quality 

strain 

1917 

1918 

1919 

1920 

Average 

270 

15 

12 

94 

62 

46 

31 

—129 

—56 

—120 

—140 

—111 

773 

96 

6 

■  •  • 

•  ■  ■ 

51 

531 

—130 

—67 

■  ■  • 

•  •  • 

—  99 

900 

—  41 

•  • 

■  ■  ■ 

•  •  • 

—  41 

Check 

•  ■  • 

■  • 

55 

12 

34 

For  the  most  part  the  strains  bred  true  to  their  ancestors  with 
respect  to  quality.  They  were  pedigree  cultures  and  nearly  if  not 
quite  pure  line  squashes.  They  conformed  to  general  expectations  in 
progeny  tests.  The  270  projected  much  of  its  good  quality,  and  31 
much  of  its  poor  quality  to  their  respective  progeny. 

The  two  strains  numbered  270  and  31  were  quite  distinct  in  size, 
shape  and  surface  markings,  and  could  be  easily  distinguished  in  the 
field  at  harvest  time.  The  270  strain  is  much  smaller  than  the  31,  has 
a  smoother  shell,  blossoms  earlier  and  matures  a  little  earlier  than  the 
31.     Several  other  strains  were  discovered,  but  were  not  preserved. 

Qearly,  quality  is  largely  controllable  by  seed  selection.  There  is 
a  strong  tendency  for  the  progeny  to  resemble  their  parents  in  quality. 
The  use  of  seed  from  a  good  parent  is  likely  to  result  in  a  large  per- 
centage of  good  offspring.  Quality  characters  are  inherent  in  the 
breed  although  not  entirely  controllable  by  seed  selection.  Within 
certain  limits,  and  without  too  great  precision,  it  may  be  said  that 
quality  characters  are  transmissible. 

An  explanation  of  the  apparent  inability,  absolutely  to  control 
quality  should  take  into  account  two  sets  of  factors ;  one  internal,  the 
other  external.  All  squashes  are  probably  more  or  less  mixed  in  their 
parentage  on  account  of  cross-  and  open-pollination.  Since  quality 
is  a  generic  rather  than  a  specific  term,  it  may  be  hybrid  in  physical 
constitution  and  include  some  mutually  exclusive  attributes.  Some 
squashes  were  found  to  be  sweet,  yet  strong  in  flavor ;  others  were  dry 
and  mealy,  yet  slightly  acid;  and  still  others  were  coarsely  granular, 
abundantly  and  unpleasantly  fibrous,  yet  sweet  and  dry.  Some  were 
known  to  be  the  product  of  crosses  between  good  and  poor  parents. 
Admitting,  then,  the  probable  intermixture  of  several  quality  attributes 
of  a  strain,  and  the  uncertainty  of  the  number  of  generations  necessary 
to  "purify  and  fix"  a  character  or  set  of  characters,  the  reasons  why 
quality  may  be  somewhat  beyond  control  are  obvious,  even  though 
self-pollination  is  effected  and  all  intercrossing  prevented. 
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One  must  make  also  some  allowance  for  the  influence  of  soil  and 
weather,  since  these  factors  limit  growth  and  maturity.  The  soil 
used  in  these  trials  was  good,  although  scarcely  ideal.  The  1918  sum- 
mer was  short,  cold  and  wet  and  high  quality  and  maturity  were  unat- 
tainable ;  indeed  in  some  Vermont  counties  no  winter  squashes  reached 
full  maturity  and  ripeness  that  year.  In  view  of  the  controlling  eflFect 
of  these  two  internal  and  external  factors,  it  is  really  quite  remark- 
able that  such  definite  results  were  secured  in  the  selection  experi- 
ments. 

It  seems  clear  that  one  may  propagate  almost  at  will  either  a 
strain  of  poor  quality  or  of  good  quality  and  that  the  characteristics 
of  the  parent  squash  and  its  immediate  ancestors  in  the  main  deter- 
mine the  grade  of  the  progeny.  Most  commercial  seed  stock  is  protean 
in  nature  and  quality ;  but  by  continued  seed  selection  and  self-fertili- 
zation, quality,  good  or  poor,  can  be  promptly  isolated  and  a  desirable 
strain  established. 

Quality  and  Chemical  Composition 

The  probable  relation  of  quality  to  chemical  composition  was  early 
recognized.  In  order  to  ascertain  just  what  relationship  existed  be- 
tween good  and  poor  quality  squashes  in  respect  to  composition,  corre- 
lation studies  were  made  dealing  with  tests  of  edibility  and  chemical 
analyses.  Every  fruit  tested  for  quality  from  1915  to  1919  was 
analyzed  for  dry  matter  and  crude  protein  and  complete  analyses 
made  of  composite  samples. 

The  following  tables  show  the  average  analyses  for  each  of  the 
five  quality  groups,  and,  likewise,  for  the  different  series  of  strains 
under  trial  and  experimental  control.  Only  ripe  and  fully  mature 
squashes  were  tested,  all  specimens  which  at  harvest  or  subsequently 
were  deemed  green  being  excluded. 

The  figures  clearly  indicate  the  interrelation  between  good  quality 
on  the  one  hand  and  water  and  crude  protein  contents  on  the  other. 
The  super-average  product  contained  less  water  than  that  of  poor 
quality  which  carried  a  relatively  large  water  percentage.  The 
squashes  graded  "excellent"  contained  from  80  to  84  percent  water, 
averaging  82  percent  during  the  five  years ;  those  graded  "poor"  from 
87  to  91  percent,  averaging  for  five  years  89  percent.  The  intermediate 
grades  in  respect  to  quality  were  intermediate  also  in  respect  to  their 
water  content. 
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QuAUTY  AND  Chemical  Analyses 
Five  Year  Ayerages— Arranged  in  Groups  on  Basis  of  Quality 


Number  of 

Original  material 

Protein  in 

Year 

squasheB 

Water                 Protein 

dry  matter 

Excellent 

1916 

11 

%                        % 
82.74                    1.88 

l^M 

1916 

18 

85.06                    1.84 

12.32 

1917 

8 

79.62                    2.15 

10.56 

1918 

15 

83.67                    1.91 

11.69 

1919 

38 

81.34                    2.09 

11.20 

Very  good 

1915 

21 

85.32                    1.75 

11.92 

1916 

14 

87.33                    1.80 

14.21 

1917 

33 

83.11                    1.74 

10.30 

1918 

43 

86.50                    1.60 

11.85 

1919 

51 

83.27                    2.00 

11.96 

Good 

1915 

36 

86.21                    1.71 

12.40 

1916 

24 

88.29                    1.65 

14.09 

1917 

79 

87.43                    1.30 

'  10.34 

1918 

77 

88.92                   1.35 

12.18 

1919 

39 

85.99                   1.79 

12.78 

Fair 

1915 

37 

86.48                   1.61 

11.91 

1916 

15 

88.39                   1.55 

13.36 

1917 

35 

88.43                    1.20 

10.37 

1918 

60 

89.29                    1.41 

13.17 

1919 

59 

88.30                    1.62 

13.85 

Poor 

1915 

31 

87.17                    1.53 

11.92 

1916 

16 

88.87                    1.78 

15.99 

1917 

44 

89.17                    1.17 

10.80 

1918 

40 

90.69                    1.24 

13.32 

1919 

31 

87.27                    1.84 

SUMMABT 

14.45 

Excellent 

90 

82.49                    2.00 

11.36 

Very  good 

162 

84.71                    1.79 

11.71 

Good 

255 

87.57                    1.47 

11.83 

Pair 

206 

88.29                    1.48 

12.64 

Poor 

162 

88.77                    1.44 

12.82 

Average 

86.91                   1.58 

12.07 

Similar  correlations  existed  between  quality  and  protein  content. 
The  dry  matter  of  the  squashes  classed  as  poor  quality  contained  a 
greater  percentage  of  protein  than  did  those  of  better  quality.  The 
protein  of  the  fruit  graded  "excellent"  on  a  dry  matter  basis  varied 
from  10.54  to  11.69  percent  and  averaged  for  five  years  11.36  percent, 
whereas  the  protein  of  the  fruit  graded  "poor"  ranged  from  10.80  to 
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Quality  and  Chemical  Analyses 
Five  Year  Averages — ^Arranged  in  Groups  of  Five  Strains 


Number  of 

Original  material 

Protein  in 

Strain 

Tear 

squashes 

Water 

Protein 

dry  matter 

% 

% 

% 

270-h 

1915 

1 

81.68 

2.28 

12.44 

1916 

1 

85.91 

1.75 

12.42 

1917 

32 

86.35 

1.50 

10.99 

1918 

48 

87.08 

1.56 

12.07 

1919 

69 

83.16 

1.95 

11.58 

31— 

1915 

1 

89.47 

1.57 

14.91 

1916 

1 

90.14 

1.07 

10.85 

1917 

7 

88.35 

1.44 

12.36 

1918 

40 

88.41 

1.47 

12.68 

1919 

82 

87.60 

1.74 

14.03 

773-f- 

1915 

1 

89.49 

1.42 

13.61 

1916 

1 

78.16 

2.64 

12.09 

1917 

31 

81.94 

1.90 

10.52 

1918 

68 

87.48 

1.58 

12.62 

1919 

•  • 

•  •  •  • 

•  •  • 

•  •  •  • 

531— 

1915 

1 

84.27 

2.01 

12.78 

1916 

1 

91.53 

.83 

9.85 

1917 

20 

88.37 

1.70 

14.62 

1918 

79 

90.41 

1.19 

12.41 

1919 

•  • 

•  •  •  • 

•  •  • 

•  «  ■  « 

900+ 

1915 

1 

81.68 

2.28 

12.44 

1916 

1 

90.99 

1.61 

17.87 

1917 

45 

88.92 

1.04 

9.39 

1918 

•  • 

•  •  •  • 

•  •  • 

•  •  «  • 

1919 

•  • 

•  ■  ■  • 

•  •  • 

•  •  •  • 

Check-f 

1919 

67 

84.86 

1.86 

12.29 

Serles 

Years 

270 

1915-19 

151 

85.10 

1.73 

11.61 

31— 

1915-19 

131 

87.92 

1.64 

13.58 

773 

1915-18 

101 

85.71 

1.69 

11.83 

531— 

1915-18 

101 

89.96 

1.17 

11.65 

900 

1915-17 

47 

88.81 

1.08 

9.65 

Check 

1919 

67 

84.86 

1.86 

12.29 

Average 

86.90 

1.57 

1198 

-j-=  Above  average  quality;  — =below  average  quality. 

15.99  percent  and  averaged  12.82  percent;  ahd  the  gradation  from 
"excellent"  to  "poor"  resembles  steps  in  a  stairway.  In  short,  "ex- 
cellent" squashes  carry  6  percent  less  water  than  "poor"  ones,  and  their 
dry  matter  carries  about  1.5  percent  less  protein.  The  relatively  large 
water  content  of  "poor"  squashes  is  an  outstanding  characteristic. 
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Analyses  of  Composite  Samples 

A  more  complete  analysis  was  made  of  composite  samples  in 
order  to  determine  the  correlation  between  quality  and  strain. 

The  1917  composite  samples  constructed  on  the  quality  basis  were 
made  from  groups,  8  specimens  classified  as  excellent,  33  very  good,  80 
good,  38  fair  and  49  poor,  while  in  1919,  there  were  respectively  38, 
51,  44,  85  and  44  specimens  in  these  several  groups.  In  1917  in  pass- 
ing from  "excellent"  to  "poor"  the  water  contents  ranged  from  79.6 
to  89.5  percent;  dry  matter  from  20.4  to  10.5  percent;  ash  from  1.1 
to  0.7  percent;  protein  from  2.4  to  1.3  percent;  crude  fiber  from  3.1  to 
1.5  percent;  crude  protein  from  2.4  to  1.3  percent;  crude  fiber  from 
3.1  to  1.5  percent;  nitrogen- free-extract  matter  from  13.3  to  6.8  per- 
cent ;  and  ether  extract  from  0.6  to  0.3.  Similar  results  were  secured 
in  1919. 

On  the  dry  matter  basis,  it  appears  that  the  better  qualities  as 
compared  with  the  poorer  carry  less  ash,  less  crude  protein,  in  one  in- 
stance more,  and  in  the  other  less  crude  fiber,  and  in  one  instance  more 
and  in  the  other  the  same  nitrogen-free-extract  content. 

The  composite  samples  constructed  on  the  "strains"  basis  covered 
nimibers  270,  773,  531  in  1918  and  numbers  270,  31  and  checks  in 
1919.  The  number  of  specimens  from  which  samples  were  taken  in 
each  case  is  indicated  in  the  table.  Strains  270  and  773  were  "good" 
and  531  and  31  "poor."  As  in  the  quality  lot  just  discussed,  the  good 
strains  contained  less  water  and  more  crude  protein  than  the  poor 
strains  and  in  all  particulars  paralleled  the  results  shown  in  the  upper 
half  of  the  table.  The  check  lot  of  1919  was  intermediate  in  most 
respects  between  good  (270)  and  poor  (31). 

The  comparisons  of  quality  and  strains  on  the  dry  matter  basis 
indicate  slightly  higher  ash  and  crude  protein  and  ether  extract  con- 
tents, and  lower  crude  fiber  and  nitrogen-free-extract  contents  for  poor 
quality.  In  a  word,  the  two  quahty  strains  isolated  on  the  basis  of 
edibility  tests  were  found  upon  chemical  analysis  to  possess  quite 
important  differences  in  their  water  and  protein  contents. 
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Analyses  of  Composite  Samples 


Number 

of 
BQuashee      Quality 

Water 

Dry 
matter 

Crude 
ash 

Crude 
protein 

Crude 
fiber 

Nitrogen- 
free- 
extract 

Ether 
extract 

1917 

8 

• 

Excellent 

79.62 

20.38 

.  1.08 

2.35 

8.07 

13.29 

0.59 

33 

Very  good 

83.11 

16.89 

0.93 

1.91 

2.46 

11.12 

0.47 

80 

Good 

87.41 

12.59 

0.73 

1.31 

1.66 

8.51 

0.38 

38 

Pair 

88.62 

11.38 

0.67 

1.37 

1.43 

7.59 

0.32 

49 

Poor 

89.47 

10.53 
1919 

0.69 

1.29 

1.47 

6.77 

0.31 

38 

Excellent 

81.34 

18.66 

0.97 

1.97 

2.34 

12.85 

0.53 

51 

Very  good 

83.27 

16.73 

1.01 

1.88 

2.41 

10.80 

0.63 

44 

Good 

86.28 

13.72 

0.91 

1.73 

L97 

8.70 

0.41 

85 

Pair 

88.68 

11.32 

0.78 

1.45 

2.02 

6.68 

0.39 

44 

Poor 

88.40 

11.60 
1918 

0.85 

1.55 

2.65 

6.75 

0.40 

58 

Strain 
270+ 

87.66 

12.34 

0.79 

1.47 

1.46 

8.32 

0.30 

77 

773-f- 

87.79 

12.21 

0.86 

1.50 

1.80 

7.62 

0.43 

95 

531— 

90.57 

9.43 

0.68 

1.21 

1.23 

5.96 

0.35 

50 

31— 

88.33 

11.67 
1919 

0.78 

1.55 

2.04 

6.85 

0.45 

88 

270+ 

84.40 

15.60 

0.92 

1.65 

1.95 

10.66 

0.42 

98 

31— 

87.96 

12.04 

0.85 

1.57 

2.25 

6.90 

0.47 

76 

Check+ 

85.71 

14.29 

0.90 

1.78 

2.20 

8.93 

0.48 

+  =  Above  the  average;  —  =  below  the  average. 


Dbt  Matter  Basis 


Year 


1917 


1919 


1918 


1919 


100  Parts  Dry  Matter  Contains: 

Number  of 
squashes 

Quality 

Crude 
ash 

Crude 
protein 

Crude 
fiber 

free- 
extract 

Ether 
extract 

8 
33 
80 
38 
49 

Excellent 
Very  good 
Good 
Pair 
Poor 

% 
5.29 

5.52 

5.82 

5.88 

6.58 

% 
11.51 

11.28 

10.40 

12.08 

12.24 

% 
15.05 

14.56 

13.15 

12.57 

13.96 

% 
65.27 

65.87 

67.58 

66.67 

64.28 

9c 
2.88 

2.77 

3.05 

2.80 

2.94 

38 
51 
44 
85 
44 

Excellent 
Very  good 
Good 
Pair 
Poor 

5.21 
6.03 
6.61 
6.87 
7.30 

10.58 
11.25 
12.64 
12.77 
13.38 

12.53 
i4.43 
14.34 
17.82 
17.67 

68.82 
64.53 
63.42 
59.12 
58.18 

2.86 
3.76 
2.99 
3.42 
3.47 

58 
77 
95 
50 

279+ 

773+ 

531— 

31— 

6.44 
7.08 
7.16 
6.72 

11.91 
12.32 
12.78 
13.32 

11.85 
14.77 
13.05 
17.45 

67.35 
62.27 
63.25 
58.65 

2.45 
3.56 
3.76 
3.86 

88 
98 
76 

+  = 

270+ 
31— 
Check+ 
=Above  the 

5.87 
7.02 
6.32 
average 

10.57 

13.04 

12.47 

quality; 

12.49 

18.68 

15.36 

— =  below 

68.38             2.69 
57.32            3.94 
62.50            8.35 
average  quality. 
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The  relation  between  quality  and  different  water  contents  was 
still  further  studied.  Five  quality  groups  for  the  several  years  were 
placed  in  classes  arbitrarily  formed  on  the  basis  of  their  water  con- 
tents. Specimens  exhibiting  on  the  one  hand  high  and  on  the  other 
low  water  percentages  were  segregated  for  each  year  and  for  each 
quality  grade.  All  specimens  above  the  seasonal  average  were  put 
in  the  one,  and  all  below  the  seasonal  average  in  the  other  group.  In 
the  first  table,  wherein  the  grouping  is  by  years,  the  separations 
placed  81  "excellent"  specimens  in  the  low  class  and  9  in  the  high  class ; 
"very  good,"  113  low,  49  high;  "good,"  112  low,  143  high;  "fair,"  61 
low,  145  high;  "poor,"  45  low,  117  high,  the  percentages  being  respect- 
ively 90  and  10;  70  and  30;  44  and  56;  30  and  70;  28  and  72. 
Seventy-seven  percent  of  the  excellent  and  very  good  quality  squashes 
were  below  the  average  in  water  content  and  only  29  percent  of  those 
of  fair  and  poor  quality.  Clearly  the  water  content  is  an  important 
factor  in  influencing  quality. 

GBOxnpiNo  BY  High  and  Low  Water  Ck)NTENT 


Rxcellent 

Very  good 

Good 

Fair 

Poor 

Year 

Low       Hl«h 

Low 

High 

Low      High 

Low     High 

Low    High 

1916 

11         0 

13 

8 

18         18 

16         21 

10         21 

1916 

12         6 

6 

8 

8         16 

5         10 

6         10 

1917 

8         0 

28 

5 

34         45 

10         25 

11         33 

1918 

14         1 

30 

13 

36        41 

20         40 

9         31 

1919 

36         2 

36 

15 

16         23 

10        49 

9         22 

Total  81        9  113      49  112      143  61      145  45      117 

Percentages  90      10  70      30  44        56  30        70  28        72 

Low  =  below  the  average;  high  =  above  the  average. 

Similar  combinations  were  made  on  the  basis  of  protein  content, 
the  specimens  for  each  year  being  listed  in  the  high  or  low  group 
according  as  the  amount  of  protein  they  contained  was  above  or  below 
the  seasonal  average.  This  arrangement  revealed  the  fact  that  65 
percent  of  the  "excellent"  and  "very  good"  squashes  and  43  percent 
of  the  "fair"  and  "poor"  squashes  were  of  low  protein  content.  As  is 
indicated  elsewhere  a  high  protein  content  usually  connotes  poor 
quality  and  vice  versa.  Undoubtedly  variations  in  moisture,  protein 
and  carbohydrate  contents  influence  flavor,  palatability  and  general 
quality  characteristics. 

The  subjoined  table  shows  the  distribution  of  high  and  low  protein 
contents  among  the  quality  grades  ranging  from  "excellent"  to  "poor." 
The  distribution  is  made  possible  by  ascertaining  the  average  protein 
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percentages  for  each  year  and  assigning  the  specimens  as  tested  and  as 
analyzed  according  to  their  protein  content  in  the  grades  of  quality  as 
exhibited  in  the  table. 

The  1915  average  protein  content  in  the  dry  matter  was  11.92 
percent.  There  were  9  "excellent"  squashes  low  and  2  that  were  high 
in  protein  as  thus  determined;  and  similarly  other  grades  were  dis- 
tributed. The  totals  for  the  five  years  show  that  70  "excellent" 
quality  squashes  carried  less  than  the  average  protein  content  and  20 
more;  that  of  the  "very  good"  95  were  below  and  67  above;  of  the 
"good"  125  below  and  130  above;  of  the  "fair"  92  below  and  114 
above;  of  the  "poor"  68  below  and  94  above  the  average  in  this  re- 
spect; the  percentage  figures  being  in  the  order  stated:  78  and  22; 
59  and  41 ;  49  and  51 ;  45  and  55 ;  and  42  and  58,  a  very  consistent  lot 
of  comparisons. 

Grouping  of  Squashes  bt  High  or  Low  Protein  Content 

Dry  Matter  Basis 


Average 
Year         protein 

1915  11.92 

1916  13.62 

1917  10.43 

1918  12.48 

1919  12.63 

Excellent 
Low  Hifl^h 

9  2 
12       6 

6  3 
12  3 
32       6 

Very  good 
Low  High 

9       12 

7         7 

20       13 

28       15 

31       20 

Good 
Low  High 

14       22 
14       10 
39       40 
45       32 
13       26 

Fair 
Low    High 

19       18 
10         5 
18       17 
28       32 
17       42 

Poor 
Low  High 

17       14 
4       12 
23       21 
14       26 
10       21 

Total 

70 

20 

95 

67 

125 

130 

92 

114 

68       94 

Percentages 

78 

22 

59 

41 

49 

51 

45 

55 

42       58 

Low  =  below  average;  high  =  above  average. 

Relation  of  Water  and  Protein  to  Quality 

In  order  to  find  out  how  protein  and  water  are  associated  in 
individual  squashes  an  average  was  made  for  each  quality-group,  each 
year,  of  the  five  squashes  that  contained  the  highest  and  of  the  five  that 
had  the  lowest  amounts  of  water.  A  summary  of  the  results  appears 
below.  In  nearly  every  case  squash  groups  carrying  the  most  water 
also  exhibited  the  highest  protein  contents,  the  "fair"  group  being  the 
only  exception. 

The  averages  for  all  the  250  squashes  used  in  this  phase  of  the 
study  showed  that  those  highest  in  water  content  averaged  89.87  per- 
cent and  contained  12.54  percent  protein  in  dry  matter,  while  those 
lowest  in  water  content  averaged  81.85  percent  and  contained  11.84 
percent  of  protein  in  dry  matter. 
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Relation  op  Water  and  Pbotein  to  Quality 
Five  Year  Average  of  Five  Squashes 


Protein  in 

Amount  of 

Number  of 

Original  material 

Protein  in 

dry  matter 

Quality 

water 

squashes 

Water 

Protein 

dry  matter  all  squashes 

Excellent 

Highest 

25 

85.06 

1.71 

11.45 

11.36 

Lowest 

25 

79.30 

2.36 

11.40 

Very  good 

Highest 

25 

89.58 

1.37 

13.15 

11.71 

Lowest 

25 

80.19 

2.23 

1L26 

Good 

Highest 

25 

91.93 

1.17 

14.50 

11.83 

Lowest 

25 

82.10 

2.04 

11.39 

Fair 

Highest 

25 

90.19 

1.09 

11.11 

12.64 

Lowest 

25 

83.22 

2.05 

12.22 

Poor 

Highest 

25 

92.59 

1.02 

13.77 

12.82 

Lowest 

25 

84.42 

2.05 

13.16 

All  above 

Highest 

125 

89.87 

1.27 

12.54 

12.07 

grades 

Lowest 

125 

81.85 

2.15 

11.84 

Maturity  and  Composition 

Some  of  the  squashes  tested  for  quality  when  cut  open  proved 
to  be  somewhat  immature.  Their  shells  were  hard  but  the  flesh  was 
partially  green.  All  such  specimens  were  excluded  from  the  test 
records,  but  their  data  were  taken  and  analyses  made  for  comparison 
with  those  of  full-matured  specimens.  The  table  shows  that  imma- 
ture squashes  contain  more  water  and  more  crude  protein  in  dry 
matter  than  do  the  mature  specimens  which,  of  course,  is  what  might 
have  been  expected. 

Matitbity  and  Composition 
Average  for  1917,  1918,  1919 


Number  of 

Origrinal  material 

Protein  in 

Qaality 

Maturity 

squashes 

Water          Protein 
%                   % 

dry  matter 
% 

Good 

Mature 

195 

87.74            1.37 

11.17 

Immature 

6 

88.04             1.50 

12.54 

Pair 

Mature 

154 

88.72             1.44 

12.77 

Immature 

39 

90.00            1.31- 

13.10 

Poor 

Mature 

115 

89.18             1.37 

12.66 

Immature 

32 

91.30            1.31 

15.06 

All  squashes 

Mature 

464 

88.42            1.41 

12.18 

Immature 

77 

90.39             1.33 

13.84 

How  Select  an  "Excellent"'  Squash 

As  a  result  of  this  extensive  study  carried  on  for  several  years, 
certain  suggestions  can  be  offered  touching  the  selection  of  a  Hub- 
bard squash  of  superior  quality.  Of  course  the  "proof"  of  a  squash, 
as  of  a  pudding,  "is  the  eating  thereof" ;  but  it  is  often  desirable  to 
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know  how  to  choose  in  advance  of  eating.  Such  selection  might  be 
desired  in  order  to  secure  seed  for  foundation  stock  for  plantings  or 
merely  for  kitchen  use.  First  of  all  is  the  matter  of  ripeness  and  full 
maturity  as  indicated  by  good  size  and  hardness  of  the  shell.  It  was 
rare  in  our  experience  to  find  an  excellent  specimen  extreme  in  size, 
either  too  large  or  too  small.  "Excellent"  squashes  rarely  weighed  less 
than  6,  or  more  than  12  pounds,  the  average  weight  in  the  1918  crop 
being  9.4  pounds.  Thickness  of  shell  seemed  also  to  be  associated 
with  superior  quality.  "Excellent"  squashes  had  very  thick  shells,  in 
fact  much  thicker  than  those  of  any  other  grade,  for  they  averaged 
4.8  mm.  in  contrast  to  1.4  mm.  for  poor  ones.  The  color  of  the  shell 
and  flesh  is  also  of  diagnostic  value.  Typical  Hubbards  are  dark  green 
with  dirty  white  streaks  at  harvest.  During  storage  the  color  be- 
comes a  dirty  brown  and  towards  spring  may  become  yellowish  bronze. 
The  flesh  should  be  dark  orange,  devoid  of  green,  and  there  should  be 
a  clear  demarcation  between  shell  and  flesh.  However,  some  very  fine 
specimens  show  a  pink  flesh  shading  to  old  gold.  The  thickness  of 
flesh  does  not  seem  to  be  correlated  with  either  good  or  poor  quality. 
A  little  attention  to  the  character  of  the  flesh  will  assist  one  in  avoid- 
ing stringy  specimens.  It  was  a  matter  of  common  observation  that 
a  squash  with  an  abundant  placenta  about  the  seed  had  also  an  abund- 
ance of  these  fibers  within  the  flesh,  thus  contributing  to  poor  quality. 
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EXTENSION  SERVICE,  COMMISSIONER  OF  EDUCATION  and  COM- 
MISSIONER OF  AGRICULTURE,  Ex-ofjflcio, 


THE  OFFICERS  OF  THE  STATION 

J.  L.  HILLS,  Sc.  D.,  Director. 

C.  H.  JONES,  M.  Sc,  Chemist. 

M.  B.  CUMMINGS,  Ph.  D.,  Horticulturist. 

B.  P.  LUTMAN.  Ph.  D.,  Plant  Pathologist. 

G.  P.  BURNS,  Ph.  D.,  Botanist. 

H.  B.  ELLENBERGER,  Ph.  D.,  Animal  and  Dairy  Husbandman. 

L.  H.  FLINT,  M.  Sc,  Assistant  Botanist 

E.  J.  DOLE,  A.  M.,  M.  Sc,  Assistant  Botanist. 

A.  H.  GILBERT,  M.  Sc.  Associate  Plant  Pathologist. 

J.  A.  NEWLANDER,  M.  Sc,  Associate  Dairy  Husbandman. 

G.  F.  ANDERSON,  Assistant  Chemist. 

E.  W.  JENKINS,  B.  S.,  Assistant  Horticulturist. 

ALEXANDER  PARKS,  Gardener. 

WINIFRED  B.  KENNEDY,  Stenographer. 

JESSIE  L.  GUTTERSON,  Stenographer. 

GUY  W.  BAILEY,  LL.  D..  Treasurer. 


<^Copies  of  the  reports  and  bulletins  of  the  Station  are  sent  free  of 
charge  to  any  address  upon  application. 

<^ Address  all  communications  concerning  station  matters  not  to  in- 
dividual officers  but  to  the  Experiment  Station,  Burlington,  Vt  AddresB 
inquiries  concerning  farm  practice  to  Extension  Service,  Burlington,  Vt. 

Director's  office,  chemical,  horticultural  and  dairy  laboratories  are  in 
Morrill  Hall  at  the  head  of  Main  street;  botanical  and  bacteriological  labora- 
tories are  at  Williams  Science  Hall,  University  Place.  University  farm  and 
buildings  are  on  the  Williston  road,  adjoining  the  University  Campus  on  the 
east. 
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BULLETIN  223:     COMMERCIAL  FERTILIZERS,  COMMER- 
CLVL  FEEDING  STUFFS,  AGRICULTURAL  SEED 

By  J.  L.  Hills,  C.  H.  Jones,  G.  F.  Anderson,  Anna  S.  Lutman 

The  results  of  the  police  work  performed  during  1921  by  the 
Station  in  accordance  with  state  laws  is  set  forth  in  condensed  form 
in  this  bulletin.  The  Station  regrets  its  inability  to  furnish  the  full 
information  which  has  been  vouchsafed  prior  to  1919. 

It  may  be  said  in  brief : 

Fertilizer  Control.  That  the  fertilizers  sold  in  1921,  as  a  whole, 
were  quite  as  good  as  they  were  represented  to  be. — Pages  3-12. 

Feeding  Stuffs  Inspection.  That  the  results  were  normal,  only 
W2  percent  of  the  brands  being  deficient  and  only  2  percent  seriously 
so.—Pagres  12-19. 

Agricultural  Seed  Inspection.  That  one  lot  in  10  was  not 
guaranteed ;  that  one  in  10  was  deficient  and  one  in  50  seriously  deficient 
in  respect  to  the  maintenance  of  the  purity  guaranty. — Pages  19-30. 


FERTILIZER  CONTROL 

The  sampling  agents  of  the  Station  visited  no  less  than  108  Ver- 
mont cities,  towns  and  villages  in  the  spring  and  early  summer  of  1921 
and  drew  521  samples  from  dealers'  stock  representing  137  of  the 
153  brands  of  commercial  fertilizers  licensed  for  sale  by  the  following 
companies : 


Licensees 

American  Agricultural  Chemical  Co 

Armour  Fertilizer  Works 

Atlantic  Packing  Co 

Bowker  Fertilizer  Co 

Burlington  Rendering  Co 

Coe-Mortimer  Co 

Earp-Thomas  Cultures  Co 

Eastern  States  Farmers'  Exchange  

Essex  Fertilizer  Co 

International     Agricultural     Corporation, 

Buffalo  Fertilizer  Works  

Listers'  Agricultural  Chemical  Works 

Lowell  Fertilizer  Co 

New  England  Fertilizer  Co 

Nitrate  Agencies  Co 

C.  S.  Page    

Parmenter  &  Polsey  Fertilizer  Co 

Reading  Bone  Fertilizer  Co 

Rogers  ft  Hubbard  Co 

Sanderson  Fertilizer  and  Chemical  Co 

Virginia-Carolina  Chemical  Co 
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Brands 
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No  samples  of  the  following  named  brands  were  secured ;  no  sales 
being  made  in  several  instances. 

American  Agricultural  Chemical  Company's  Bradley's   Valley   Tobacco   Fer- 
tilizer 
American  Agricultural  Chemical  Company's  Quinnipiac  Phosphate 
Armour  Fertilizer  Company's  Big  Crop  Five-Eight-"Five 
Armour  Fertilizer  Company's  Big  Crop  Four-Ten-Zero 

Armour  Fertilizer  Company's  Big  Crop  Potato   and   Onion   Four-Eight-Four 
Armour  Fertilizer  Company's  Big  Crop  Three-Eight-Four 
Armour  Fertilizer  Company's  Big  Crop  Zero-Ten-Five 
Essex  Fertilizer  Company's  Four-Eight-Six 
Essex  Fertilizer  Company's  Five-Eight 
Nitrate  Agencies  Company's  Five-Eight-Four 
Nitrate  Agencies  Company's  Nitropo 
Nitrate  Agencies  Company's  Three-Ten-Zero 
Nitrate  Agencies  Company's  Two-Ten-Zero 
Parmenter  &  Polsey  Company's  Four-Eight-Four 
Reading  Bone  Fertilizer  Company's  High  Grade  Truck  Food 
Rogers  &  Hubbard  Company's  "Bone  Base"  Fertilizer  for  Seeding  Down 

The  following  condensed  statements  set  forth  the  essential  facts 
as  to  the  maintenance  of  guaranties.  The  order  of  statement  is 
alphabetical  by  names  of  manufacturers. 

The  first  four  figures  in  the  table,  reading  horizontally  following 
the  brand  name,  indicate  what  the  manufacturers*  promises  were, 
expressed  in  percentage  terms ;  and  the  word  following,  usually  "Yes", 
less  often  "No",  tells  in  this  laconic,  straightforward  fashion  whether 
or  not  the  promises  have  been  kept.  The  remaining  words  and  figures, 
other  than  the  last  two,  show  the  quality  of  the  nitrogen  purveyed  by 
the  manufacturer.  By  the  use  of  the  words  "Passed"  or  "Not  Passed" 
the  character  of  the  organic  nitrogen  is  set  forth.  The  former  word  is 
used  whenever  the  analysis  indicated  a  good  or  passable  grade;  the 
latter  words  when  it  did  not.  The  next  two  statements  in  terms  of 
decimals  indicate  the  proportions  of  the  total  nitrogen  present  in  water- 
soluble  and  water-insoluble  forms.  The  former  includes  nitrate  nitro- 
gen, ammoniacal  nitrogen  and  such  organic  nitrogen  as  is  water-sol- 
uble ;  the  latter  such  organic  nitrogen  as  is  not  soluble  in  water,  more 
or  less  of  which — ^more  in  some  cases,,  less  in  others — is  available  to 
plant  growth.  The  last  figure,  reading  horizontally,  indicates  in  terms 
of  a  decimal  what  proportion  of  the  total  phosphoric  acid  is  furnished 
in  available  form.  The  last  column  shows  by  the  presence  of  the  letter 
C  or  S  as  the  case  may  be  whether  the  potash,  if  present,  was  present 
as  muriate  or  chlorid  (C)  or  as  sulphate  (S).  In  case  both  were  pres- 
ent, the  letters  CS  or  SC  are  used,  the  one  first  given  indicating  pre- 
dominance. 
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CONDENSED  STATEMENT  AS  TO  GUARANTIES  AND  ANALYSES 
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Aaterieu  Agrlenltiinl  Chemleal  Company,  98  SUte  St^  Boston,  Mass. 

Bone-Phosphate  and  Potash 18    12      2    Yes        Passed  ..  ..1.0  C 

Complete  Potato  Mixture 2.47      9      8      4    Yes        Passed  .8  .2    .9  C 

Pour-Elght-Slz  Fertilizer 3.29      9      8      6    No         Passed  .8  .2    .9  C 

Grass  and  LAwn  Top  Dressing..  4.94      7      6      4    Yes        Passed  .8  .2    .8  C 

Grass  and  Oats  Fertilizer 13    12      2    Yes        Passed  . .  . .  1.0  C 

Monarch  Potato  Manure 3.29      9      8      4    Yes        Passed  .8  .2    .8  C 

UniTersal  Phosphate 0.82      9      8      2    Yes        Passed  .8  .2  1.0  C 

Vegetable  and  Vine  Fertilizer. .  2.47      9      8      4    Yes        Passed  .8  .2    .9  C 

(Bradlej^  Fertilizer  Company  Brands) 

Complete  Manure  for  Top  Dress- 
ing Grass  and  Grain 4.94      7      6      4    Yes        Passed  .9  .1    .9  C 

Complete  Tohacco  Manure 4.11      5      4      5    Yes        Passed  .4  .6    .9  SC 

com  Phosphate  1.65      9      8      2    Yes        Passed  .8  .2    .9  C 

Edipse  Phosphate 0.82      9      8      2    Yes        Passed  .6  .4    .9  CS 

Northland  Potato  Grower 3.29      9      8      4    Yes        Passed  .8  .2    .9  C 

Potato  Fertilizer  1.65      9      8      3    Yes        Passed  .8  .2    .8  SC 

Potato  Manure 2.47      9      8      4    Yes        Passed  .8  .2    .9  CS 

Reliable  6%  Potash  Fertilizer.  3.29      9      8      6    Yes        Passed  .8  .2.  .9  0 

XL  Superphosphate  of  Lime. . .  2.47    10      9      2    Yes        Passed  .8  .2    .9  C 

(Crocker  Fertilizer  d  Chemical  Company  Brands) 

Ammoniated  Corn  Phos.,  1920..  1.65      9      8      2    Yes        Passed  .7  .3  1.0  C 

New  Riyal  Ammoniated  Super- 
phosphate, 1920   0.82      9      8      2    Yes        Passed  .5  .5    .9  C 

Potato,  Hop  and  Tobacco  Fer- 
tilizer, 1920  1.65      9      8      3    Yes        Passed  .7  .3    .9  C 

(L.  B.  Darling  Company  Brands) 

Farm  FaTorite  1.65      9      8      2    Yes        Passed  .7  .3    .9  C 

PoUto  Fertilizer  1.65      9      8      3    Yes        Passed  .7  .3    .9  C 

(Great  Eastern  Fertilizer  Company  Brands) 

General,  1921   0.82      9      8      2    Yes        Passed  .8  .2    .9  C 

Northern  Com  Special,  1920 1.65      9      8      2    Yes        Passed  .8  .2    .9  C 

PoUto  Bfanure,  1920 1.65      9      8      3    Yes        Passed  .8  .2    .9  C 

(Paciflc  Quana  Company  Brands) 

Pacific  Potato  Special   1.65      9      8      3    Yes        Passed  .8  .2  1.0  C 

Soluble  Paciflc  Guano 1.65      9      8      2    Yes        Passed  .8  .2    .9  C 

(()uinnipiac  Company  Brands) 

Com  Manure   1.65      9      8      2    Yes        Passed  .8  .2  1.0  C 

Potato  Manure  2.47      9      8      4    Yes        Passed  .8  .2    .9  C 

Potato  Phosphate 1.65      9      8      3    Yes        Passed  .8  .2    .9  C 

(Read  Fertilizer  Company  Brands) 

Farmers' Friend  Superphosphate  1.65      9      8      2    Tes        Passed  .8  .2    .9  C 

Practical  Potato  Special  Fert...  1.65      9      8      3    Yes        Passed  .8  .2    .9  C 
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(WtWiam«  rf  Clark  Fertilizer  Company  Brands) 

AmerlcuB  Ammoniated  Bone  Su- 
perphosphate      2.47    10      9      2  Yes  Passed  .8  .2  .9  C 

Americus  Corn  Phosphate 1.65      9      9      2  Yes  Passed  .8  .2  .9  G 

Amerlcus  Potato  Manure 1.65      9      8      3  Yes  Passed  .8  .2  .9  C 

Potato  Phosphate   2.47      9      8      4  Yes  Passed  .8  .2  .9  C 

Armour  Fertfllser  Works,  1501-1514  Munsey  BaOdingr,  Baltimore,  Md. 

Big  Crop  2/1C/6  1.66    10.5 10      6  Yes  Passed  .6  .4  .9  C 

Corn  Grower  2/8/2    1.65      8.5   8      2  Yes  Passed  .7  .3  .9  C 

General  Crop  Fertilizer  1/7/1...  0.82      7.5   7      1  Yes  Passed  .6  .4  .9  C 

Atlantic  Packing  Company,  North  Ave^  Bnrlington,  Tt. 

Four-Eight-Four  3.29      9      8      4  Yes  Passed  .6  .4  .9  C 

Three-Eight-Four  2.47      9      8      4  Yes  Passed  .7  .3  .9  C 

Two-Eight-Three 1.65      9      9      3  Yes  Passed  .6  .4  .9  C 

Two-Eight-Two   1.65      9      8      2  Yes  Passed  .7  .3  .9  C 

Bowker  Fertilizer  Company,  4S  Chatham  St.,  Boston,  Mass. 

All  Round  Fertilizer 2.47      9      8      4  Yes  Passed  .8  .2  .9  C 

Corn,  Grain  and  Grass  Phos...  1.65      9      8      2  Yes  Passed  .7  .3  .9  C 

Hill  and  Drill  Phosphate 2.47    10      9      2  Yes  Passed  .8  .2  .8  SC 

Potato  and  Vegetable  Phosphate  1.65      9      8      3  Yes  Passed  .8  .2  .9  SC! 

Stockbrldge  Early  Crop  Manure  4.11      9      8      7  Yes  Passed  .8  .2  .9  C 

Stockbrldge  Market  Garden  Man.  3.29      9      8      4  Yes  Passed  .8  .2  .9  C 

Sure  Crop  Phosphate 0.82      9      8      2  Yes  Passed  .8  .2  .9  C 

Bnrlington  Rendering  Company,  North  Atc,  Bnrlington,  Tt. 

Four-Eight-Four 3.29      9      8      4  Yes  Passed  .7  .3  .9  C 

One-Ten-One    0.82    11    10      1  Yes  Passed  .6  .4  .9  C 

Three-Eight-Four   2.47      9      8      4  Yes  Passed  .7  .3  .9  C 

Two-Eight-Three    1.65      9      8      3  Yes  Passed  .6  .4  .9  C 

Two-Eight-Two   1.65      9      8      2  Yes  Passed  .6  .4  .8  C 

Coe-Mortimer  Company,  51  Chambers  St.,  New  York,  N.  Y. 

Celebrated  Special  Potato  Fer- 
tilizer Revised 3.29     .9      8      4  Yes  Passed  .8  .2  .9  O 

Columbian  Corn  and  Potato  Fert.  1.65      9      8      3  Yes  Passed  .8  .2  .9  C 

Corn  King 2.47    10      9      2  Yes  Passed  .8  .2  .9  C 

New  Englander  Special 0.82      9      8      2  Yes  Passed  .8  .2  1.0  C 

Special  Grass  Top  Dressing 4.92      7      6      3  Yes  Passed  .7  .3  .9  C 

Earp-Thomas  Cultures  Company,  New  York,  N.  Y. 

Stlm-U-Plant  Tablets 11         ..     12    15  Yes  Passed  1.0  0  1.0  OS 

Eastern  States  Farmers'  Exchange,  292  Worthington  St,  Springfield,  Mass. 

Flve-Elght-Flve    4.11      9      8      5  No  Passed  .6  .4  .9  OS 

Flve-Four-Flve    4.1        5      4      5  Yes  Passed  .4  .6  .9  SC 

Four-Eight-Four 3.28      9      8      4  Yes  Passed  .8  .2  .9  C 

Four-Elght-Seven  3.28      9      8      7  No  Passed  .8  .2  .9  C 

Four-Ten    r  3.28    11    10     . .  Yes  Passed  .8  .2  .9  .  . 

Three-Eight-Four   2.45      9      8      4  Yes  Passed  .8  .2  .9  C 

Two-Eight-Two  1.64      9      8      2  Yes  Passed  .7  .3  .9  C 
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Essex  Fertiliser  Company^  39  North  Jllarket  St,  Boston,  Mass. 

Bone  Fertilizer  2/10/0 1.64  11    10  ..  No  Passed  .6    .4  .9  C 

Fish  FertUizer  3/8/3 2.46  9      8  3  Tes  Passed  .7    .3  .9  C 

F6ar-Bi^trFonr 3.28  9      8  4  No  Passed  .7    .3  .8  C 

Market  Garden  3/8/4 2.46  9      8  4  No  Passed  .7    .3  .9  C 

One-Ten-One 0.82  11    10  1  Yes  Not  passed    .6    .5  .9  C 

Tiro-Eight-Two  1.64  9      8  2  Yes  Passed  .6    .4  .9  C 

Two-Eisht-Three  for  all  Crops..  1.64  9      8  3  No  Passed  .5    .5  .9  C 

Two-Elsht-Slx  1.65  9      8  6  Yes  Passed  .6    .4  .9  C 

International  Agrienltnral  Corporation 

Bnllalo  Fertilizer  Works,  812  Marine  Bank  Building,  Buffalo,  N.  T. 

Bnffalo  Economy  1.65  9      8  2  Yes  Passed  .7    .3  .8  C 

Buffalo  High  Grade  Manure...  3.29  9      8  6  Yes  Passed  .5    .5  .9  C 

Buffalo  Farmers'  Choice 0.82  11    10  2  Yes  Passed  .8    .2  .9  C 

Buffalo  Fonr-Eight-Four  3.29  9      8  4  Yes  Passed  .5    .5  .8  C 

Bnffalo  New  England  Special..  1.65  11    10  4  Yes  Passed  .6    .4  \9  CS 

Buffalo  Phosphate  and  Potash 11    10  4  Yes  Passed  9  CS 

Buffalo  Top  Dresser  and  Starter  5.76  7      6  . .  Yes  Passed  .6    .4  .7 

Buffalo  Vegetable  and  Potato..  2.47  9      8  4  Yes  Passed  .6    .4  .9  C 

American  Agricultural  Chemical  Company 
Listers'  Agricultural  Chemical  Works,  Lister  Are.,  Newark,  N.  J. 

Corn  and  Potato  Fertilizer 1.66  9      8  3  No  Passed  .5    .5  .8  C 

Eastern  Pride  Fertilizer 2.47  9      8  4  Yes  Passed  .8    .2  .8  C 

Fish  and  Potash  Fertilizer 2.47  11    10  3  Yes  Passed  .7    .3  .8  C 

Pour-Eigfat-Fonr  Fertilizer 3.29  9      8  4  Yes  Passed  .8    .2  .7  C 

Grain  and  Grass  Fert.  Revised ....  13    12  2  Yes  Passed  9  C 

Jersey  Potato  Fertilizer 3.29  9      8  6  Yes  Passed  .8    .2  .8  C 

Squirrel  Brand  Fertilizer 0.82  9      8  2  No  Passed  .7    .3  .9  C 

Sncoeaa  Fertilizer  1.65  9      8  2  Yes  Passed  .6    .4  .7  C 

Lowell  Fertilizer  Company,  40  North  Market  St,  Boston,  Mass. 

Animal  Brand  3/8/4 2.46  9      8  4  Yes  Passed  .7    .3  .9  C 

Bone  Fertilizer  2/8/2  1.64  9      8  2  Yes  Passed  .6    .4  .9  C 

DisBolTed  Bone  Fertilizer  2/10/0  1.64  11    10  . .  Yes  Passed  .5  *.5  .9  . . 

Empress  1/10/1  0.82  11    10  1  Yes  Not  passed  .6    .4  .8  C 

FiTe-Elght-Four    4.11  9      8  4  No  Passed  .7    .3  .9  C 

Four-Bight-Four 3.28  9      8  4  Yes  Passed  .7    .3  .9  C 

Four-Eight-Seven  3.28  9      8  7  Yes  Passed  .7    .3  .9  C 

Fonr-Blght-Six    3.28  9      8  6  Yes  Passed  .7    .3  .9  C 

Two-Eight-Three    1.64  9-8  3  Yes  Passed  .5    .5  .9  C 

Two-Bight-Six 1.64  9-8  6  Yes  Passed  .6    .5  .9  C 

New  England  Fertilizer  Company,  40A  North  Market  St,  Boston,  Mass. 

Com  Phosphate  2/8/2   1.64  9      8  2  No  Passed  .4    .6  .9  C 

Four-Eight-Fonr  3.28  9      8  4  Yes  Passed  .7    .3  .9  C 

Standard  Phosphate  1/10/1 0.82  11    10  1  Yes  Not  passed  .5    .5  .8  C 

Superphosphate  3/8/4 2.46  9      8  4  No  Passed  .7    .3  .9  C 

Two-Eight-Three 1.64  9      8  3  Yes  Passed  .6    .4  .9  C 

Two-Eight-Six 1.64  9      8  6  Yes  Passed  .5    .5  .9  0 
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CONDENSED  STATEMENT  AS  TO  GUARANTIES  AND  ANALYSES 
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Nttnte  Agencies  Company,  85  Water  St,  New  York,  N.  T. 

Four-Elght-Foar 3.29      9      8      4    Yes        Passed  .7  .3  .9    CS 

Four^Eight-Seyen  3.29      9      8      7    Yes        Passed  .7  .3  .9    SC 

Four-Ten    3.29    11    10     . .     Yes        Passed  :5  .5  .9      . . 

Three-ElghtrFOur  2.46      9      8      4    Yes        Passed  .7  .3  .8    CS 

Two-Eight-Two  1.66      9      8      2    Yes        Passed  .6  .4  .9       C 

Carroll  S.  Page,  H  jde  Park,  Tt 

No  Filler  FertillsEer 2.47    15    10     . .    Yes        Passed  .5  .5  .7 

No  Filler  Fert.,  Potash  Brand..  3.29    10      9      4    Yes        Passed  .6  .4  .7      C 

Parmenter  k  Polsey  Fertiliser  Company,  41  North  Market  St^  Boston,  Mass. 

One-Ten-One 0.82    11    10      1    Yes    Not  passed  .6  .4  .9      C 

Plymouth  Rock  Brand  3/8/4...  2.46      9      8      4    No         Passed  .7  .3  .9      C 

Three-Eight-Three  2.46      9      8      3    No         Passed  .6  .4  .9      C 

Two-Eight-Three 1.64      9      8      3    Yes        Passed  .5  .6  .9      C 

Two-Eight-Two  1.64      9      8      2    Yes        Passed  .6  .4  .9      C 

Two-Eight-Six 1.64      9      8      6    Yes        Passed  .6  .4  .9      C 

Beading  Bone  Fertiliier  Company,  Beading,  Pa. 

Dissolved  Animal  Matter 0.82    11    10     . .     Yes        Passed  .8  .2  .9 

Economy  Brand 11    10      4    Yes        Passed  9      C 

Farmers' Tankage  and  Potash..  0.82    11    10      2    Yes       Passed  .7  .3  .9      C 

Reading  All  Crop  Special 1.64    11    10     . .    Yes       Passed  .8  .2  .9 

Reading  One-Eight-Five   0.82      9      8      6    Tes        Passed  .8  .2  .9      C 

Reading  Special  Potato  and 

Tobacco  Manure 0.82    13    12    . .    Yes       Passed  .7  .3  .9 


Rogers  A  Hnbbard  Company,  Middletown,  Conn. 

All  Soils— All  Crops  Phosphate.  3.29  9  8  4  Yes  Passed  .9  .1 
"Bone  Base"  Oats  and  Top 

Dressing  8.22      8      3      4    Yes        Passed  .8  .2 

"Bone  Base"  Sol.  Com  and 

General  Crops  Manure 2.46    10      8      4    No         Passed  .8  .2 

"Bone  Base"  Sol.  PoUto  Manure  4.11    10      8      6    No         Passed  .8  .2 

Complete  Phosphate  0.82      9      8      2    Yes        Passed  .6  .4 

Potato  Phosphate   1.64      9      8      4    Tes       Passed  .8  .2 

Sanderson  Fertiliser  k  Chemical  Company,  New  Hayen,  Conn. 

Atlantic  Coast  Bone,  Fish  and 

Potash  1.66      9      8      3    Yes       Passed  .6  .6 

Corn  Superphosphate 1.66      9      8      2    Yes        Passed  .6  .4 

Potato  Manure 2.47      9      8      4    Yes       Passed  .8  .2 

.  Tirginia-Carollna  Chemical  Company,  New  York,  N.  T. 

Owl  Brand  1.66      9      8      3    Yes        Passed  .7  .8 


.8  C 

.4  CS 

.8  C 

.8  SC 


.7 
.8 


C 
C 


.8  C 
.9  CS 
.9       C 
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The  following  divergencies  from  guaranties  seem  to  call  for 
special  notice : 

AMERICAN    AGRICULTURAL    CHEMICAL    COMPANY 

4/8/6  Fertilizer,  Nitrogen  0.1%  and  potash  0.3  %  short  of  guar- 
anty ;  available  phosphoric  acid  0.1%  over  guaranty.  Shortage  in  plant 
food  2%. 

ARMOUR  FERTILIZER  COMPANY 

Corn  and  Grain.  Available  phosphoric  acid  0.3%  short  of  guar- 
anty, but  nitrogen  and  potash,  respectively,  0.2%  and  0.5%  above 
guaranty.     No  shortage  in  total  plant  food. 

EARP-THOMAS    CULTURES    COMPANY 

Stim-U-Plant  Tablets.  Available  phosphoric  acid  0.6%  short  of 
guaranty,  but  nitrogen  and  potash,  respectively,  0.5%  and  0.5%  above 
guaranty.    No  shortage  in  total  plant  food. 

.  EASTERN  STATES  FARMERS'  EXCHANGE 

4/8/7.  Nitrogen  0.4%  short  of  guaranty,  but  potash  0.8%  above 
guaranty.     No  shortage  in  total  plant  food. 

5/8/5.  Nitrogen  0.6%  short  of  guaranty,  but  potash  0.5%  above 
guaranty.     No  shortage  in  total  plant  food. 

ESSEX   FERTILIZER   COMPANY 

Market  Garden  3/8/5.  Nitrogen  0.5%  short  of  guaranty;  avail- 
able phosphoric  acid  and  potash  0.7%  above  guaranty.  No  shortage 
in  total  plant  food. 

2/8/3  for  All  Crops.  Available  phosphoric  acid  0.5%  short  of 
guaranty;  nitrogen  0.15%  short  of  guaranty;  potash  0.4%  above 
guaranty.     Shortage  in  total  plant  food  2%. 

Bone  Fertiliser  2/10/0.  Available  phosphoric  acid  0.5%  short  of 
guaranty ;  nitrogen  barely  meets  guaranty.  Shortage  in  total  plant 
food  4%. 

4/8/4.  Nitrogen  0.3%  short  of  guaranty ;  available  phosphoric 
acid  barely  meets  guaranty;  potash  0.3%  over  guaranty.  No  shortage 
in  total  plant  food. 
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listers*  agricultural  chemical  works 

Corn  and  Potato  Fertiliser.  Available  phosphoric  acid  0.5%  low 
of  guaranty,  but  potash  0.3%  over  guaranty;  nitrogen  barely  meets 
guaranty.     Shortage  in  total  plant  food  1%. 

4/8/4,  Available  phosphoric  acid  0.4%  short  of  guaranty,  but 
potash  and  nitrogen,  respectively,  0.5%  and  01%  high  of  guaranty.  No 
shortage  in  total  plant  food. 

Squirrel  Brand.  Potash  0.3%  short  of  guaranty;  nitrogen  and 
available  phosphoric  acid  just  meets  guaranty.  Shortage  in  total  plant 
food  3%.  I  i 

LOWELL  FERTILIZER   COMPANY 

5/8/4.  Nitrogen  0.4%  low,  but  available  phosphoric  acid  0.4% 
high  and  potash  2.2%  high  of  guaranty.  Probably  a  shipment  of  4/8/6 
in  place  of  5/8/4.     No  shortage  in  total  plant  food. 

Animal  Brand  3/8/4.  Nitrogen  0.2%  low  of  guaranty,  but  avail- 
able phosphoric  acid  0.6%  high  of  guaranty.  No  shortage  in  total 
plant  food. 

Empress  1/10/1.  Available  phosphoric  acid  0.3%  low,  but  potash 
0.5%  high  of  guaranty.     No  shortage  in  total  plant  food. 

2/8/6.  Available  phosphoric  acid  0.4%  short  of  guaranty,  but 
nitrogen  0.4%  high.     No  shortage  in  total  plant  food. 

Dissolved  Bone.  Available  phosphoric  acid  0.4%  short  of  guar- 
anty, but  nitrogen  0.3%  high  of  guaranty.  No  shortage  in  total  plant 
food. 

NEW  ENGLAND  FERTILIZER   COMPANY 

Corn  Phosphate.  Nitrogen  and  available  phosphoric  acid,  re- 
spectively, 0.3%  and  0.4%  short  of  guaranty;  potash  barely  meets  guar- 
anty.    Shortage  in  plant  food  6%. 

Superphosphate.  Nitrogen  0.4%  short  of  guaranty;  available 
phosphoric  acid  and  potash  barely  meets  guaranties.  Shortage  in  plant 
food  4%. 

PARMENTER    &    POLSEY    FERTILIZER    COMPANY 

Plymouth  Rock.  Nitrogen  0.3%  short  of  guaranty,  but  available 
phosphoric  acid  0.4%  above  guaranty.     No  shortage  in  total  plant  food. 

3/8/3.  Nitrogen  0.6%  short  of  guaranty,  but  available  phosphoric 
acid  and  potash,  respectively,  0.4%  and  0.9%  above  guaranty.  No 
shortage  in  total  plant  food. 
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rogers  &  hubbard  company 

"Bone  Base"  Soluble  Corn  and  General  Crops  Manure,  Nitrogen 
0.1%  and  available  phosphoric  acid  0.6%  short  of  guaranty;  potash 
0.4%  above  guaranty.     Shortage  in  plant  food  2%. 

''Bone  Base"  Soluble  Potato  Manure.  Available  phosphoric  acid 
0.9%  short  of  guaranty ;  nitrogen  0.2%  and  potash  1%  above  guaranty. 
No  shortage  in  total  plant  food. 

Discussion  of  the  Results  of  Inspection 

Quantity  of  plant  food.  Fertilizers  sold  in  Vermont  in  the  spring 
of  1921 — if  one  may  judge  by  the  results  of  inspection — as  a  whole 
were  up  to  the  usual  grade.  There  were  399  guaranties  made,  32  of 
which,  or  one  in  12,  were  not  maintained.  However,  of  these  33  de- 
ficiencies only  four,  or  one  in  100,  of  the  entire  number  were  in  excess 
of  0.5%.  In  22  of  the  29  brands  there  was  no  shortage  of  total  plant 
food,  that  is  to  say,  a  deficiency  in  one  form,  e.  g.,  nitrogen,  was  made 
but  by  excess  over  guaranty  of  another  form,  e.  g.,  potash.  In  the 
other  seven  brands  the  deficiencies  in  no  case  were  greater  than  6% 
and  in  five  of  the  seven  cases  were  3  or  less  p^cent.  The  manufac- 
turers, as  usual,  and  very  properly,  furnished  very  little  more  plant 
food  than  they  promised  to  supply.  The  average  fertilizer  sold  in 
Vermont  in  1920  was  guarantied  to  contain  approximately  2j^% 
nitrogen,  9jS4%  total  and  8J4%  available  phosphoric  acid,  and  3J4% 
potash ;  .and  it  averaged  to  contain  very  little  more  than  these  figures. 

Quality  of  plant  food.  The  information  heretofore  vouchsafed 
as  to  the  nitrate  and  ammoniacal  nitrogen  contents  of  the  several  brands 
can  not  be  furnished  this  year.  However,  the  availability  of  the  organic 
nitrogen  was  determined  as  usual  and  four  brands  were  found  to  con- 
tain what  seemed  to  be  undue  amounts  of  unavailable  organic  nitrogen, 
namely:  Essex  Fertilizer  Company's  One-Ten-One;  Lowell  Fertilizer 
Company's  Empress  Brand  One-Ten-One;  New  England  Fertilizer 
Company's  Standard  Phosphate  One-Ten-One;  and  the  Parmenter  & 
Polsey  Company's  One-Ten-One. 

The  proportions  of  phosphoric  acid  furnished  in  available  forms 
by  the  several  companies  vary  about  as  usual.  It  is  gratifying  to  note 
the  reappearance  of  potash  in  considerable  quantities. 

As  was  pointed  out  last  year  there  are  really  only  about  25  dif- 
ferent grades  sold  and  70  percent  of  the  brands  readily  list  in  seven 
grades,  as  foUows:  1-8  to  10-2;  2-8-2;  2-8-3;  3-&4;  4-8-4;  4-8-6  or 
7;  S-4/g-4/5.     It  is  interesting  to  note  the  change  in  the  character 
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of  the  usage  in  1920  and  1921.  Essentially  the  same  proportion  of 
licenses  of  non-nitrogenous  and  of  1,  2,  3  and  4  percent  potash  goods 
were  noted  each  year;  but  the  non-potassic  goods  dropped  from  15  to 
9  percent  of  the  total  number  and  the  high  potash  and  high  nitrogen 
goods  increased  from  9  to  18  percent  of  the  entire  number. 

FEEDING  STUFFS  INSPECTION 

The  sampling  agents  of  the  Station  visited  more  than  50  cities, 
towns  and  villages  in  Vermont  in  the  spring  of  1920,  and  drew  643 
samples  from  dealers'  stocks,  representing  almost  300  brands  of  goods 
which  either  are  subject  to  or  exempt  from  the  necessity  of  guaranty. 
The  samples  have  been  examined  chemically  for  protein  only. 

The  law  seems  fairly  well  observed  at  present.  Unguaranteed 
goods  are  infrequent  and  overguaranties  are  not  as  common  as  once 
they  were ;  but  overstatements  in  advertising  occur. 

The  following  condensed  statements  set  forth  the  facts  as  to 
protein  guaranty  maintenance  as  determined  in  the  present  inspection. 
Within  groups,  the  order  of  statement  is  alphabetical  by  names  of  manu- 
facturers or  jobbers.  Manufacturers'  or  jobbers'  names  and  addresses 
are  printed  in  small  capitals,  brand  names  in  italics,  guaranties  in 
figures  in  parenthesis  following  the  brand  name.  The  deficiency  in 
protein  contents,  if  any,  is  stated  following  the  guaranty  in  italics, 

COTTONSEED  MEALS 

PROTEIN  GUARANTIES  FULFILLED 

American  Cotton  Oil  Co.,  Memphis,  Tbnn.,  Aco  (41.18);  Surety  (36). 
AsHGBOFT-WiLKiNsoN  Ck>.,  Memphis,  Tbnn.,  jBTeZmet  (41);  Paramount  (36). 
F.  W.  BrodA  Co.,  Memphis,  Tenn.,  Jay  (36);  Otol  36  (36).  Buokbyk 
Cotton  Oil  Co.,  Cincinnati,  O.,  Buckeye  (36).  Cold  Press  Mill,  Mem- 
phis, Tbnn.,  Ward* 8  Pride  (41).  Ck>TT0N8EED  Products  Co.,  Louisvillb, 
Kt.,  Prime  (41).  S.  P.  Davis,  Little  Rook,  Ark.,  Good  Luck  (41). 
HuMPHRBTS-<3<H>wiN  Co.,  MEMPHIS,  Tenn.,  Bull  (43) ;  Danish  (36) ; 
Dixie  (41);  Forfat  (38.55).  L.  B.  Lovrrr  ft  Co.,  Memphis,  Tenn.,  Thirty- 
six  (36).  Park  ft  Pollard  Ck>.,  Boston,  Mass.,  Upland  (36).  J.  B.  Soper 
Co.,  Boston,  Mass.,  Puritan  (36).  Speir  ft  McKat,  Atlanta,  Qa.,  Good 
(36.    A.  C.  Westervelt  ft  Ck>.,  Memphis,  Tenn.,  Planet  (43). 

protein  guaranties  not  fulfiujed 

P.  W.  BRODt  Co.,  Memphis,  Tenn.,  Owl  (guaranty  41,  analysis  38.4).    Buck- 
eye Cotton  Oil  Ck).,  Cincinnati,  O.,  (}ood  (guaranty  36,  analysis  31.1). 

CkynoNSKBD  Products   Co.,   LomsviLLB,   Kt.,  (guaranty   36, 

analysis  33.6).    Union  Seed  ft  Fertilizer  Co.,  Memphis,  Tenn.,  Yellow 
Tag  (guaranty  41,  analysis  37.5). 


Commercial  Fertilizers  13 

LINSEED  MEAL 

PBOTEIN   GUARANTIES  FULFILLED 

American  Linseed  Co.,  Buffau),  N.  Y.,  Old  Process  Oil  Meal  (32),  (32). 
Abchee-Danieus  Linseed  Co.,  Buffalo,  N.  Y.,  Old  Process  Ground  Oil 
Cake  (31).  Midland  Linseed  Products  Co.,  Minneapolis,  Minn.,  Pure 
Old  Process  Ground  Linseed  Cake  (30),  (30),  (32).  Spencer  Kellogg  ft 
Sons,  Inc.,  Undercijff,  N.  J.,  Buffalo,  N.  Y.,  Pure  Old  Process  Oil  Meal 
(31).  (33). 

protein  guaranties  not  fulfilued 

Kelloggs  ft  Milusr,  Amsterdam,  N.  Y.,  Pure  Oil  Process  Oil  Meal  (guaranty 
31,  analysis  30.4).  Mann  Bros.  Co.,  Buffalo,  N.  Y.,  Pure  Old  Process  Oil 
Meal  (guaranty  31,  analyses  29.9).    Midland  Linseed  Products  Co.,  Min- 

NKAPOUS,  Minn.,  (guaranty  32,  analysis  30.8;   guaranty  36, 

analysis  30.4). 

GLUTEN  FEEDS 

PROTEIN  guaranties  FULFILLED 

American  Maize  Products  Co.,  New  York,  N.  Y.,  Cream  of  Corn  (23).  Clin- 
ton Corn  Syrup  Refining  Co.,  Clinton,  Iowa,  Clinton  (23),  (t).  Corn 
Products  Refining  Co.,  New  York,  N.  Y.,  Buffalo  (23).  A.  E.  Stai£y 
Manufacturing  Co.,  Decatur,  III.,  Staley's  (23),  (23),  (23),  (23). 

DISTILLERS,  ETC.,  BYPRODUCTS 

protein  guaranties  fulfilled 

Flkibchmann  Co.,  Peekskill,  N.  Y.,  Fleischmann*s  Dried  Malt  Grains  (22). 

Pknnstlyania  Grain  ft  Feed  Co., ,  Peerless  Brewers*  Dried 

Grains  (20).  United  States  Food  Products  Corporation,  Peoria,  III, 
Farmer  Jones  Com  Distillers*  Grains  (30). 

PEANUT  FEEDS 

protein  guaranties  fulfilled 

Humphbey-CSodwin  Co.,  Memphis,  Tenn.,  Liberty  (30).  Wills  Point  Cotton 
Oil  Co., ,  Ground  Whole  (30). 

WHEAT  OFFALS— WHEAT  BRAN 

protein  guaranties  fulfilled 

Aunt  Jemima  Mills  Co.,  St.  Joseph,  Mo.,  Bran  and  Screenings  not  over  6% 
mill  run  (14.5).    E.  W.  Bailey  ft  Co.,  Montpelier,  Vt.,  Pennant  (14.5). 

Bio  Diamond  Milus  CJo., ,  Big  Diamond*  (13).    Commander 

MnjjNo  Co.,  Minneapolis,  Minn.,  Durum  (11.5);  Durum  (12).  Commer- 
cial Muxing  Co.,  Detroit,  Mich.,  (14.5).    Duluth-Superior 

Milling  (3o.,  Duluth,  Minn.,  Duluth  Imperial*  (15).  Empire  Milling 
Co.,  Minneapolis,  Mxnn.,  Empire*  (13).  Federal  Milling  Co.,  Lock- 
POBT,  N.  Y.,  Luckjf*    (12).    Ipswich  Milling  Co.,   Ipswich,   So.   Dak., 

(15).    J.  C.  Lysle  Milling  Co.,  Leavenworth,  Kans.,  Bran 

and  Screenings  not  over  8%  (15).  H.  D.  Lee  Flour  Mills  Ck).,  Sauna, 
Kans.,  Bran  and  Screenings  not  to  exceed  8%  (14.5).    Mapu:  Leaf  Mill- 


^With  ground  screenings  not  exceeding  mill  run. 

fShipped  In  bulk.     Local  dealers  knew  nothing  about  the  guaranty  and  had 

lMgg«d  tbe  goods  in  divers  and  sundry  bags  with  all  sorts  of  brand  markings,  thus 

dImMLtiBg  the  intent  of  the  law.     The  price  was  considerably  lower  than  was  asked 

tct  bagged  goods,  but  the  crude  protein  content  was  barely  nine-tenths  as  great. 

How^w    It  was  equivalent  to  the  usual  guaranty  of  this  brand. 
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iNG  CJo.,  Ltd.,  Toronto,  Can., (14) ; (15.5).  North- 
western Consolidated  Milling  Co.,  Minneapolis,  Minn., (13). 

OoiLViE  Flour  Mills  Co.,  Winnipeg,  Man., •  (13).    Piijjbbury 

Flour  Mills  Co.,  Minneapous,  Minn.,  PilUhury^s*  (13).  Quaker  Oats 
Co.,  Chicago,  III.,  Bellcom*   (15.3).     Quaker  City  Flour  Miluno  Co., 

Philadelphia,  Pa.,  (10);  (13).    Russell-Miluer 

Milling   Co.,   Minneapolis,   Minn.,  (13) ;   (12) ; 

Bran  and  Screenings  not  exceeding  8%  (12).  F.  W.  Six>ck  &  Sons,  Hills- 
dale, Mich., ♦  (14).    Thompson  Milling  Co.,  Lockport,  N.  Y., 

Angelus*  (11).    Washburn-Crosby  Co.,  Minneapolis,  Minn., ♦ 

(13);  ♦  (13).  Western  Canada  Flour  Mills  Co.,  Dtd.,  Win- 
nipeg, Man.,  Pioneer*    (14.5);  ♦    (14.5);  ♦    (14.5); 

*    (14.5);    Western    Canada    (no    guaranty,    analysis    18.6). 

Wichita  Flour  Mills  Co.,  Wichita,  Kans.,  Bran  and  Screenings  not  over 
5%  (14.5).  Yerxa,  Andrews  &  Thurston,  Minneapolis,  Minn.,  Durum 
(14). 

WHEAT  OFFALS— WHEAT  MIDDLINGS 
protein  guaranties  fulfilled 

Barber  Milling   Co.,   Minneapolis,   Minn.,   ♦    (16).    Bay   State 

Milling  Co.,  Winona,  Minn.,  Bay  State*  (15.9).  Bill,  Bell  ft  Ck).,  Og- 
DENSBURG,  N.  Y.,  Flour*  (13.75).  Duluth-Superior  Milling  Co.,  Duluth, 
Minn.,  Standard  S.*  (16).  Empire  Milling  Co.,  Minneapous,  Minw., 
Standard*  (15).  Federal  Milling  Co.,  Lockport,  N.  Y.,  Dairymaid*  (13). 
International  Milling  Co.,  Minneapolis,  Minn.,  Black  Hawk  Standard* 

(14).    Ljstman  Milling  Co., ,  Elmco  Standard*  (17.3).   Mapu:  Leaf 

Milling  Co.,  Ltd.,  Toronto,  Ont.,  Rex*  (10).  Ogilvie  Flour  Mills  Co.. 
Winnipeg,  Man.,  0  Dairy  Ration  (no  guaranty,  analyses  19.8) ;  Ogilvie^ s 
(17).  Pillsbury  Flour  Mills  CJo.,  Minneapous,  Minn.,  Pillshury^s  A 
{Standard  Brown  with  Low  Grade  Flour)*  (15);  Standard  B*  (14); 
Dairy  XX  (16);  Daisy  (13).  Quaker  City  Flour  Mills  Co.,  Philadel- 
phia, Pa.,  (14).    Russell-Miller  Milling  Co.,  Minneapolis, 

Minn.,  Alta  (Standard  and  Flour)  (15).  St.  Albans  Grain  CJo.,  St. 
Albans,  Vt.,  Red  Dog  (no  guaranty,  analysis  19.9);  Wirthmore  (14). 
St.  Paul  Milling  Co.,  St.  Paul,  Minn.,  Komo  Standard*  (15).  Slane 
Bros.  &  Wiuson,  Minneapolis,  Minn.,  Snowball  Flour*  (16);  Rye  (15.5). 

H.  A.  Slayton  &  Co.,  Morrisville,  Vt., (no  guaranty,  analysis 

20.3).  David  Stott  Flour  Milus,  Inc.,  Detroit,  Mich.,  Pennant*  (15); 
Rye  (10).  Washburn-Crosby  Milling  Co.,  Minneapolis,  Minn.,  Stand- 
ard* (14).  Western  Canada  Flour  Mills  Co.,  Ltd.,  Winnipeg,  Man., 
Shorts  (17). 

WHEAT  OFFALS— WHEAT  MIXED  FEED 

PROTEIN  GUARANTIES  FULFILLED 

Amendt  Milung  Co.,  Monroe,  Mich.,  Amco  (15);  Amco  Stock  (17).  E.  W. 
Bailey  &  Co.,  Montpelier,  Vt.,  Fancy  (15),  (15);  Capital  (14).  Cai£- 
DONiA  Mills,  Inc.,  St.  Johnsbury,  Vt.,  Brook's  Fancy  (16).  E.  Crosby 
&  Co.,  Brattleboro,  Vt.,  Crosby's  (16).  Federal  Milling  Co.,  Lock- 
port,  N.  Y.,  Dairy  Maid*  (13).  E.  T.  &  H.  K.  Ide,  St.  Johnsbury, 
Vt.,  Ideal  Fancy*  (15),  (15).  International  Milling  Co.,  Minne- 
apolis, Minn.,  Black  Hawk  (13).  F.  W.  Kelley  Co.,  St.  Johnsbury, 
Vt.,  Bluetag*  (15).  Lawrenceville  Roller  Mills  Co.,  Lawbencebxtro, 
Ind.,  Golden  Bull*  (16).  National  Milling  Co.,  Touax),  O.,  Osota* 
(15);  Pennant  (15).  Northwestern  Consolidated  Milling  Co.,  Min- 
neapolis, Minn.,  Plain  (15).  Pillsbury  Flour  Mii^ls  Co.,  Minne- 
apolis,   Minn.,    Daisy    (13);     Fancy*     (14).    Portland    Milling    Co., 

,    Champion*    (13.55).       Quaker   Oats   Co.,    Chicago,    III., 

Buckeye*^    (15.5).    RusselltMiller   Milung   Co.,   Minneapolis,   Minn., 


*With  ground  screen Ingrs  not  exceed fnsr  mill  run. 
tlncludingr  rye  middlings. 
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Occident  (15).  (15).  St.  Atjians  Grain  Co.,  St.  Albans,  Vt.,  Wirthmore* 
(15);  Weld€n*t  (12);  Franklin*  (15).  F.  W.  Stock  &  Sons,  Hillsdale, 
Mich.,  Monarch*  (16) ;  Superior*  (16).  Stbatton  &  Co.,  Concord,  N.  H., 
S<ro«on'«*  (15.29).    Williams  Bros.  Ck).,  Kent,  O.,  Z^ent  (14). 

WHEAT  OFFALS— RED  DOG  FLOUR 

protein  guaranties  fulfilled 

Larabee  Flour  Milling  Co.,  Kansas  City,  Mo.,  (15).  North- 
western   Ck>NSOIJDATED    MILLING    CO.,    MINNEAPOLIS,    MiNN.,    XXX    Comet 

(18).    Northwestern    Consolidated   Milling   Co.,   Minneapoijs,   Minn., 

Comet   (16).    St.  Albans  Grain  Co.,  St.  Albans,  Vt.,  (no 

guaranty,  analysis  19.3).    Sianb  Bros.  &  Wilson,  Minneapolis,  Minn., 

(no  guaranty,  analysis  18.2).    Washburn-Crosby  Co.,  Minne- 

Apous,  Minn.,  Arlington  (14).  Washburn-Crosby  Co.,  Minneapolis, 
Minn.,  Adrain  (16). 

OAT  HULLS,  ETC. 

PROTEIN  GUARANTIES  FULFIIXEO 

Ogilvie  Flour  Mills  Co.,  Lid.,  Winnipeg,  Man.,  Ogilvie'a  Oat  Meal  Feed  (4.75). 
Pl-rity  Oats  Co.  op  Keokuk,  Keokuk,  Iowa,  Purity  Oat  Feed  (5). 
Quaker  Oats  Co.,  Chicago,  III,  Oat  Hulls  Ground  (5) ;  Vim  Feed  (5). 

HOMINY  FEEDS 

PROTEIN  GUARANTIES  FULFILLED 

AicERicAN  Hominy  Co.,  Indianapolis,  Ind.,  Borneo  (10).    Plymouth  Milling 

Co.,  Le  Mars,  Iowa, (8.5).    Quaker  Oats  CJo.,  Chicago,  III., 

Yellow  (10.5). 

ALFALFA  MEAL 
protein  guaranty  fulfilled 
Denver  Alfalfa  Milling  &  Products  Co.,  Lamar,  Colo., (12). 

DRIED  BEET  PULP 
protein  guaranty  fulfilled 
Larrowe  Milung  Co.,  Detroit,  Mich., (8). 

PROPRIETARY  FEEDS— DAIRY 

PROTEIN  GUARANTIES  FULFILLED 

American  Milling  Co.,  Peoria,  III,  Amco  (25).  Armour  Grain  Co.,  Chicago, 
III.,  Armour^ 8  (22).  E.  W.  Bailey  &  Co.,  Montpeoer,  Vt.,  Capital  (23). 
CiiAPiN  &  Ck).,  Hammond,  Ind.,  Lactola  (16.5);  Unicom  (24).  Clover 
Leaf  Miijjng  Co.,  Buffalo.  N.  Y.,  Dairy  (16) ;  Grain  Ration  (24) ;  Peer- 
less (guaranty  — ,  analysis  21.5).  E.  Crosby  ft  Co.,  Brattleboro,  Vt., 
Ready  Ration  (25).  CJooperative  G.  L.  F.  Exchange,  Inc.,  Buffalo, 
N.  Y.,  Orange  Exchange  (22).  Elmore  Milling  Co.,  Oneonta,  N.  Y., 
Elmore  Milk  Grains  (25).  E.  T.  &  H.  K.  Ide,  St.  Joiinsbury,  Vt.,  Ideal 
(24);  Krackerjack  (20).  International  Sugar  Feed  Co.,  Minneapolis, 
Minn.,  Intemctixonal  Special  (15).  Kasco  Mills,  Inc.,  Toledo,  O.,  Big 
Repeater  Ready  Ration  (22),  (22),  (22).  F.  D.  Lapellb,  Swanton,  Vt., 
23%  Dairy  Ration    (23);   20%  Dairy  Ration    (20).    Larrowe  Milling 

*Wlth  ground  screenings  not  exceeding  mill  run. 
I  Including  com  meal. 
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Co.,  Detboit,  Mich.,  Larro  Feed  (20),  (20);  Larro  Ready  Ration  (22); 
Big  Six  Complete  (21).  Mabatime  Tbadino  Ck>BFOBATioN,  Buffalo, 
N.  Y.,  Bull  Brand  (24);  Hiteat  (20).  Park  ft  Poixabd  Ck).,  Boston. 
Mass.,  Stevens*  44  (24).  Puxsbtjbt  Fix>nB  Mills  Ck).,  Minneapolis. 
Minn.,  Pillshury^s  (19).  Quakes  Oats  Co.,  Chicago,  III.,  Biff  Q. 
(21),  (21),  (21).  Ramton  Pubina  CJo.,  Inc.,  St.  Louis,  Mo.,  Buffalo. 
N.  Y.,  Purina  Cow  Chow  Feed  (24).  St.  Albans  Grain  Ck).,  St.  Albans. 
Vt.,  Paragon  (22);  Farmer*8  Favorite  (25),  (24);  Wirthmore  Balanced 
Ration  (25),  (25),  (24).  Ubiko  Milling  Co.,  Cincinnati,  O.,  Union 
Grains  (24);  Sunbeam  (20).  United  States  Food  Pboducts  Cobpoba- 
TiON,  Peobia,  III.,  Mel-0  Farmer  Jones  Brand  (20) ;  MehO  (20).  United 
States  Feed  Association,  Toledo,  O.,  Big  Repeater  (22). 

PBOTEIN   GUABANTIES    NOT   FUUILLED 

Abcady  Fabms  Milling  Co.,  Chicago,  III.,  R.  K.  D.  Arcctdy  (guaranty  18. 
analysis  17.1).  Chapin  ft  Co.,  Hammond,  Ind.,  Acorn  (guaranty  20, 
analysis  19).  A.  H.  McLeod  Milling  Co.,  St.  Johnsbubt,  Vt.,  Oreen 
Mountain  (guaranty  23,  analysis  22.4). 

PROPRIETARY  FEEDS— STOCK 

PBOTEIN  GUABANTIES  FULFILLED 

E.  W.  Bailet  ft  Ck).,  MoNTPEUEB,  Yt.,  Pennant  (9).  Chapin  ft  Co.,  Hammond, 
Ind.,  Centaur  (12),  Cloveb  Leaf  Milling  Co.,  Buffalo,  N.  Y.,  Black 
Beauty  Horse  (10).  B.  Cbosby  ft  Co.,  Bbattucbobo,  Vt.,  Crosbv*s  (9); 
Zenith  (8.5).  E.  T.  ft  H.  K.  Ide,  St.  Johnsbubt,  Vt.,  Ideal  (10).  In- 
diana Milling  Co.,  Tbbbe  Haute,  Ind.,  Holstein  (10).  Chas.  A.  Kbause 
Milling  Co.,  Milwaukee,  Wis.,  Badger  Monopoly    (9) ;   Badger   (10) ; 

Krause  (9).    F.  D.  Lapelle,  S wanton,  Vt., (9).    Pubitt  Oats 

Co.,  Davenpobt,  Iowa,  Iowa  (10).  Quakeb  Oats  Co.,  Chicago,  III., 
Schumacheer  (10).  Ralston  Pubina  Co.,  St.  Louis,  Mo.,  Purina  O — 
Molene  (9).  St.  Albans  Gbain  Co.,  St.  Albans,  Vt.,  Wirthmore  (9). 
David  Stott  Floub  Mills,  Inc.,  Detboit,  Mich.,  StotVs  Winner  (8.6). 
Stbatton  ft  Co.,  CoNCOBD,  N.  H.,  Stratton  24  (7.5).  C.  H.  Ultlby,  Habd- 
wiCK,  Vt.,  a  (no  guaranty,  analysis  17.1). 

PBOTEIN   GUABANTIES    NOT   FULFILLED 

Akbon  Feed  ft  Milling  Co.,  Akbon,  O.,  Portage  (guaranty  10,  analysis  8.8). 
D.  H.  Gbandin  Milling  Co.,  Jamestown,  N.  Y.,  €hrandin*s  (guaranty  10. 
analysis  8.9).  St.  Albans  Gbain  Co.,  St.  Albans,  Vt.,  CharlestocTc  (guar- 
anty 10,  analysis  8.8).  United  States  Feed  Co.,  Milwaukee,  Wis.,  TJ,  8, 
(guaranty  10,  analysis  7.1). 

PROPRIETARY  FEEDS— CALF 

PBOTEIN  GUABANTIES  FULFILUCD 

Blatchfobd's  Calf  Meal  Co.,  Wauhegan,  III.,  Blatchford's  (24).  Cloveb 
Leaf  Milling  Co.,  Buffalo,  N.  Y.,  Clover  Leaf  (25).  Quakeb  Oats 
Co.,  Chicago,  III.,  Schumacher  (18).  Ralston  Pubina  Co.,  St.  Louis, 
Mo.,  Purina  Calf  Chow  (27).  Ryde  ft  Co.,  Chicago.  III.,  Ryde^s  Cream 
(25). 

PROPRIETARY  FEEDS— SWINE 

PBOTEIN  GUABANTIES  FULFILLED 

Chapin  ft  Co.,  Hammond,  Ind.,  Bicom  (17.5).  Pabk  ft  Pollabd  Co.,  Boston, 
Mass.,  Go-Tuit  (15).  Rauston  Pubina  Co.,  St.  Louis,  Mo.,  Purina  Pig 
Chow  (15).  St.  Albans  Gbain  Co.,  St.  Albans,  Vt.,  Wirthmore  (17), 
(18),  (18). 
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proprietary  feeds— poultry  feeds— mashes 

PROTEIN  OUABANTIES  FULFILLBD 

Blatchfobd*8  Cauf  Mbal  Co.,  Waukegan,  III.,  Milk  Mash  (20).  Clover 
Leaf  Milling  Co.,  Buffalo,  N.  Y.,  Clover  Leaf  Egg  (18).  E.  Crosby  ft 
Co.,  Bbattlebobo,  Vt.,  CrosWs  Egg  (16).  Albert  Dickinson  Co.,  Chi- 
cago, III,  Olo^e  Chick  (18).  Elmore  Miujno  CJo.,  Oneonta,  N.  Y.,  El- 
more  Egg  (18).  D.  H.  Grandin  MnxiNO  Co.,  Jamestown,  N.  Y.,  Orandin*8 
Dry  (^th  Buttermilk)  (20).  Hales  ft  Hunter  Ck).,  Chicago,  III,  Red 
Com  and  Egg  (16).  E.  T.  ft  H.  K.  Idb,  St.  Johnbburt,  Vt.,  Ideal  (20). 
Kasco  BlnxiNG  Co.,  Toledo,  0.,  Fullnest  (18.5).  C.  A.  ICrause  Milling 
Co.,  Milwaukee,  Wis.,  Badger  Laying  (18).  F.  D.  Lafellb,  S wanton, 
Vt..  Egg  Producing  (18).  Park  ft  Pollard  Co.,  Boston,  Mass.,  Lap  or 
Bust  (18*).  Quaker  Oats  Co.,  Chicago,  III.,  FulhO-Pep  (20).  St.  Albans 
Grain  Co.,  St.  Aibans,  Vt.,  Wirthmore  Fish  and  Scrap  toith  Milk  Al- 
bumin (20).    W.  R.  White,  North  Bennington,  Vt.,  Flynn*s  (18). 

PROPRIETARY  FEEDS—POULTRY  FEEDS— SCRATCH  FEEDS 

PROTEIN  GUARANTIES  FULFILIJia) 

Amkcan  Milling  C!k>.,  Peoria,  III,  Cluck  duck  (10).  Armour  Grain  Ck>., 
Chicago,  III,  Iroquois  (10).  Berkshire  Coal  ft  Grain  Co.,  North 
Adams,  Mass.,  Berkshire  (10).  Clover  Leaf  Milung  Co.,  Buffalo, 
N.  Y.,  Clover  Leaf  (10).  D.  H.  Grandin  Milung  CJo.,  Jamestown,  N.  Y., 
Chxmdin's  (10).  E.  T.  ft  H.  K.  Ide,  St.  Johnsburt,  Vt.,  Ideal  (10). 
Kasco  Mills,  Waverly,  N.  Y.,  Kasco  (10).  C.  A.  Kbause  Milling  Co., 
Milwaukee,  Wis.,  Badger  Cream  City  (9).  R.  H.  MoEv^n  Milling  Co., 
Ogdbnsburg,  N.  Y.,  McEwen's  Red  Feather  (no  guaranty,  analysis  10.5). 
Park  ft  Poulard  Co.,  Boston,  Mass.,  Red  Feather  (10).  Ralston  Purina 
Co.,  St.  Albans,  Mo.,  Purina  (10).  Quaker  Oats  Co.,  Chicago,  III, 
Schumacher  (10).  St.  Albans  Grain  Co.,  St.  Albans,  Vt.,  Wirthmore 
(11). 

PROPRIETARY  FEEDS— POULTRY  FEEDS— CHICK  FEEDS 

PROTEIN  GUARANTIES  FULFILLED 

Clover  L£AF  Milling  Co.,  Buffalo,  N.  Y.,  Baby  Chick  (10).  E.  Crosby  ft 
Co.,  Bbattueboro,  Vt.,  Crosby* s  Chick  (9).  Albert  Dickinson  Ck).,  Chi- 
cago, III,  Globe  Chick  (10).  D.  H.  Grandin  Milling  Co.,  Jamestown, 
N.  Y.,  Qrandin^s  Baby  Chick  (10).  F.  D.  Lapelle,  Swanton,  Vt.,  Baby 
Chick  (10).  Park  ft  Pollard  cio.,  Boston,  Mass.,  Buttermilk  Booster 
(12);  Baby  Buster  Chick  Oritless  toith  FUh  (11);  Red  Ribbon  (10); 
Baby  Buster  (11);  Intermediate  (10).  Quaker  Oats  Co.,  Chicago.  Ill, 
FuKhPep  (14);  Schum^icher  (10).  Raston  Purina  CU).,  St.  Louis,  Mo., 
Purina  (10);  Purina  Chicken  Chowder  (11);  Purina  Chicken  Chowder 
with  1%  Charcoal  (19).  St.  Albans  Grain  Co.,  St.  Albans,  Vt.,  Wirth- 
more (11);  Wirthmore  Buttermilk  Baby  Chick  (13.5);  Wirthmore  Orit- 
less Chick  (11). 

PROPRIETARY  FEEDS— POULTRY  FEEDS— GROWING  FEEDS 

protein  guaranties  fulfilled 

D.  H.  Grandin  Milling  Co.,  Jamestown,  N.  Y.,  Orandin*s   (12.5).    Park  ft 

Pollard  Co.,  Boston,  Mass., (10).    Quaker  Oats  Co.,  Chicago, 

III,  FulUO'Pep  (17);  Full-O-Pep  Fattening  (16).     St.  Albans  Grain  Co., 
St.  Albans,  Vt.,  Wirthmore  (15). 

PROPRIETARY    FEEDS— POULTRY    FEEDS— MISCELLANY 

protein  guaranties  fulfilled 

Bublinqton   Rendering  CJo.,   Burlington,   Vt.,   Beef   Scraps    (40).    Lowell 
REifBEBiNO  Co.,  Lowell,  Mass.,  Peerless  Poultry  Food  (40).    Carroll  S. 
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Page,  Hyde  Park,  Vt.,  Ground  Meat  Scraps  (40).     Pobtland  Rendering 
Co.,  Portland,  Me.,  Portland  Bone  Meal  for  Cattle  and  Poultry   (20). 


In  NIB,  Speiden  &  Co.,* 
ysis  45.1). 


PROTEIN    GUARANTIES    NOT   FULFILLED 

,  Eg-0  Milk  Albumin  (guaranty  50,  anal- 


DlSCUSSION  OF  THE  RESULTS  OF  INSPECTION 


Samples  were  taken  representing  48  brands  of  the  liigh  protein 
by-products  (cottonseed  and  linseed  meals,  gluten  feeds,  brewers'  etc. 
dried  grains,  peanut  feeds),  9  brands  of  low  protein  products  other 
than  wheat  offals  (hominy  feed,  dried  beet  pulp,  etc.),  97  brands  of 
wheat  offals  (brans,  middlings,  mixed  feeds,  red  dog  flour)  and  136 
brands  of  proprietary  brands  (ready  mixed  rations  for  dairy  cows, 
horses,  poultry,  calves,  swine  and  stock  in  general). 
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^Shipped  by  Geo.  L.  Harding  Co.,  Inc.,  Binghamton,  N.  T. 
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The  outcome  is  not  materially  unlike  that  observed  in  former 
years;  indeed  it  is  distinctly  better  than  has  been  sometimes  noted. 
Only  11  brands  out  of  nearly  300  showed  deficiencies  that  can  be  re- 
garded as  serious.     Four  lots  of  cottonseed  meal  (F.  W.  Erode  Co.'s 

Owl;  Buckeye  Cotton  Oil  Co.'s  Good;  Cottonseed  Oil  Co.'s ; 

and  Union  Seed  and  Fertilizer  Co.'s  Yellow  Tag)  contained,  respect- 
ively, only  94,  86,  91  and  91  percents  of  the  crude  proteins  they  were 
guarantied  to  carry.  One  linseed  meal,  the  Midland  Linseed  Products 
Co.'s  goods  carried  only  84  percent  of  the  promised  protein  contents. 
A  bran  sold  by  the  Northwestern  Consolidated  Milling  Co.  carried 
only  88  percent  of  its  promised  protein.  Four  stock  feeds  (Akron 
Feed  and  Milling  Co.'s  Portage,  D.  H.  Grandin  Milling  Co.'s  Grandin's, 
Sf.  Albans  Grain  Co.'s  Charlestock,  and  the  United  States  Feed  Co.'s 
L\  S.)  contained,  respectively,  only  88,  89,  88  and  71  percents  of  their 
guarantied  protein  contents.  A  poultry  feed  (Innis,  Speiden  &  Co.'s 
Eg-O  Milk  Albumin)  carried  only  90  percent  of  its  promised  protein. 

This  means  that  less  than  3j4  percent  of  the  goods  inspected  were 
more  than  5  percent  deficient,  and  only  2  percent  more  than  10  percent 
deficient. 

AGRICULTURAL  SEED  INSPECTION 

The  Station  sampling  agents  visited  fully  40  Vermont  cities, 
towns  and  villages  during  June,  1920,  and  gathered  362  samples  of 
agricultural  seed  offered  for  sale  in  the  open  markets  by  local  dealers 
as  follows : 

Alfalfa 5     Redtop   26  Peas,  field  3 

Barley 10      Timothy 80  Rape  2 

Gover,  alsike 38     Mixtures 5  Rye  1 

Clover,  red 61      Blue  grass 2  Speltz  1 

Com 49     Buckwheat 2  Sweet  clover 1 

Millet   35     Clover,  white 2  Sudan  grass  3 

Oats 32      Orchard  grass 1  Wheat 3 

These  samples  were  drawn  in  accordance  with  the  official  direc- 
tions. Purity  tests  were  made  by  the  weight  method  and  the  germina- 
tion tests  were  made  according  to  the  method  employed  by  the  Federal 
Department  of  Agriculture. 
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Trade  name 


Wholesaler 


Purity      Oermination    Weed  seeds 
guaranty         percent  per  lb. 


ALFALFA 

IXL  America Conklin    

Grimm's  Globe Holbrook  

Pine  Tree   Holbrook  

Monadnock   Holbrook   

Eureka Whitney-Eckstein . 


99.75 

99.5 

99 

98 

99.75 


BARLEY 


Six-row Bailey  — 

Bailey 

Liberty Gunson  . . . 

Liberty Gunson  . . . 

White  Mountain  Holbrook  . 

Ontario  Six-row   St.  Albans 

Ontario  Six-row   St.  Albans 

Six-row Stanford    . 

Six-row Stanford    . 

Stanford    . 


97,98 

95. 

99.15 

99.15 

98 

99* 

99* 

95 

95 

95 


ALSIKE  GLOVER 


.Bailey 


C.  M Berkshire    

Ace Burdett    

Caledonia 

C.   M Conklin    

C.   M Conklin    

Imperial Conklin    

Globe .Crayer-Dlckinson 

Ace    Dickinson    

Pine  Tree Dickinson    

Dickinson    

i .  Dickinson    

Ace Dickinson    

White  Mountain  Holbrook  

Holbrook  

XXX  Holbrook  

Pine  Tree Holbrook  

White  Mountain  Holbrook  

White  Mountain  Holbrook  

Slayton    

Arc    Stanford    

Liberty Stanford    

3369 Stanford    

Stanford    

Liberty Stanford  

3373 Stanford  


96.25 

97.9 

96 

98 

95 

95 

97.5 

99.05 

96.25 

96.3* 

95.3 

96.45 

94.5 

98.5 

93 

93 

96 

98.5 

98.5 

90 

94.5 

97.2 

95 

99* 

96 

96.75 


90 
85 
87 
71 
91 


98 
98 
99.5 
94 
98.5 
86.5 
92 
100 
98.5 
96 


97 
89 
80 
97 
88 
82 
87 
88 
85 
80 
89 
85 
81 
87 
76 
92 
83 
89 
88 
83 
80 
88 
77 
86 
82 
84 


720 

90 

450 

540 

90 


9 


36 
3J 

19 


4050 

4275 

7200 

1125 

1800 

1125 

3150 

675 

675 

2925 

18450 

11925 

7200 

900 

11700 

5850 

1350 

2475 

6526 

8100 

675 

4276 
4726 
5625 


♦Below  guaranty.  Barley.  St.  Albans  Grain  Co.,  St  Albans,  Vt;  On- 
tario Six-row;  guaranty  99,  found  98.1,  97.9.  Alsike  Clover.  Albert  Dick- 
inson Seed  Co.,  Chicago,  111.;  Pine  Tree;  guaranty  96.3,  found  95.5.  Stanford 
Seed  Co.,  Buffalo,  N.  Y.;  ;  guaranty  99,  found  96.25. 

Italics  in  the  "purity  guaranty"  column  Indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  is  very  scrupulous  in  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  In 
each  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 
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Trade  name 


Wholesaler 


Purity 
eruaranty 


Gterminatlon 
percent 


Weed  seeds 
per  lb. 


Honor Stanford 

Pine  Tree  Varick    . 

Enreka Whltney- 

Enreka Whltney- 

Whitney- 
Pan-American  Whltney- 

Enreka Whitney- 
Pan-American  Whitney- 

Enreka Whitney- 

Eureka Whifney- 

Pan-American Whitney- 


Eckstein 
Eckstein 
Eckstein 
Eckstein 
Eckstein 
Eckstein 
Eckstein 
Eckstein 
Eckstein 


96 

98* 

98 

98 

98.5* 

98* 

97 

97 

98 

98 

97* 

97.5 


RED  CLOVER 


Abbott 


Mammoth Amer.  Mutual 

Bailey 


Atlas Berkshire    

Caledonia    

Caledonia    

Crown   (Mammoth) Conklin    

Paragon  Conklin    

Crown   (Mammoth)  . . .  .Conklin    

Crown Conklin    

Aoe   Craver-Dickinson 

Globe Craver-Dickinson 

2577 Craver-Dickinson 

Craver-Dickinson 

Globe Dickinson    

Pine  Tree  Dickinson    

Pine  Tree  Dickinson   

Ace  173737   Dickinson    

Hediun   Dickinson   

Queen  Dickinson    

White  Mountain Holbrook  

XXX  Holbrook  

Pine  Tree  Holbrook  

Pine  Tree Holbrook  

White  Mountain  Holbrook  

Green  Mountain Holbrook  

Are   Holbrook  

XX Holbrook  

Globe Nttng.-Dick 

Slayton    

Arc  Medium Stanford  

Are  Medium Stanford  


99 

99 

99 

98.2 

99,58 

99,6 

99.35 

98.25 

99.35 

99.35 

98.5 

99.44 

98.5 

97.6 

99.5 

98.5 

99.5 

99 

99.55 

89.2 

99.5 

99,6 

99 

99 

99.5 

93 

97 

95 

99.34 

89.2* 

98 

98 


87 
81 
81 
90 
90 
92 
94 
88 
85 
89 
79 
92 


93.5 

90.5 

94 

94.5 

91.5 

85 

94 

97.5 

95.5 

97 

93 

93.5 

88.5 

91 

91 

97 

90.5 

94.5 

81.5 

94.5 

90 

97 

91.5 

89 

87.5 

90.5 

88 

92 

93 

93 

96 

95 


3150 
7425 
4725 
6525 
4725 
7875 
10350 
1350 
6975 
7200 
6075 
675 


1890 
630 
270 

4320t 
990 
270 
360 

1080 
270 
270 
720 
270 

1530t 

2610 
360 

2160 
810 

1530 

630 

10710t 

450 

1620 
630 

2970 
900 
720 
450 

6390 
360 

180t 
1530 
3240 


^Bkuow  otTABANTT.  AUiJce  Clover.  J.  B.  Varick  Co.»  Manchester,  Vt 
Pine  Tree;  guaranty  98,  found  96.75.  Whitney-Eckstein  Ck>.,  Buffalo,  N.  Y. 
Pan-American;  guaranty  98,  found  97;  guaranty  97,  found  96.5; 


guaranty  98.5,  found  97.5.    Red  Clover,    H.  A.  Slayton  ft  Co.,  Morrisvllle, 

VL; ;  guaranty  89.2,  found  80.5. 

Italics  in  the  "purity  guaranty**  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  is  very  scrupulous  in  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  in 
eadi  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 


tContained  dodder. 
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Trade  name 


Wholesaler 


Purity      Germination    Weed  seeds 
guaranty        percent  per  lb. 


Bemis  A  Extra  Heavy.  .Stanford 

3352 Stanford 

Arc  4032 Stanford 

Stanford 

Liberty Stanford 

3354 Stanford 

Honor Stanford 

Arc    Stanford 

Honor Stanford 

Arc    Stanford 

Pine  Tree Varick    . 

Pine  Tree Varick    . 

Eureka  Whitney 

Whitney 

Whitney- 


Pan-American  Whitney 

Whit.-Eck.  Choice Whitney 

Eureka Whitney- 
Pan-American  Whitney- 
Pan-American  Whitney- 

Eureka Whitney- 
Pan-American  Whitney- 

Eureka Whitney- 

Eureka Whitney- 
Pan-American  Whitney- 
Thrift  Stanford 

Liberty Stanford 


Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 
Eckstein . 


CORN 


Leaming 

King  Philip 

Leaming 

Red  Cob  Fodder 

Improved  Leaming 

King  Philip    

Sanford  White  Flint... 

Minnesota  King 

Yellow  Flint 

Mammoth  Yellow  Flint. 
Gold  Nugget 


Early  Wonder  

Imp.  Pride  of  North... 

Sanford  Flint 

Pride  of  North  


Bailey  ... 
Bailey  ... 
Bailey  ... 
Bailey  . . . 
Bailey  ... 
Bailey  ... 
Bailey  . . . 
Bailey  ... 
Caledonia 
Caledonia 
Caledonia 
Cobb  .... 
Cobb  .... 
Cobb  .... 
Conklin  . 
Conklln  . 
Dickinson 
Dickinson 


99 

99.15 

98 

98.5 

98 

98 

98 

99 

99.3 

98. 

98 

99.88 

99.6 

98 

99.5» 

98.5 

97* 

99.25 

98 

98.76 

99.3 

98.5 

99.5 

99.3 

98 

99.15 

98 

86 

86 


98 
95 

99.4 

98 

98 

95 

93 

96 

99.28  * 

98.82 

98.5 

98 

98* 

98* 

99.2 

99.12* 

99.5 

99.8* 


95.5 

86 

94.5 

81.5 

90.5 

94.5 

94.5 

94 

94.5 

92.5 

85 

86.5 

95.5 

95.5 

95 

94.5 

92 

95 

94.5 

96 

96.6 

97.5 

95 

94.5 

92 

93.6 

90 

88 

88 


100 
87 
93 
98 
96 
96 
96 
96 

100 
96 
76 
96 
98 
94 
96 
88 
97 
92 


270 

1530 

90 

2620 

360 

460 

460 

360 

360 

2880 

90 

900 

3420 

2620 

270 

7110 

1350 

810 

3060 

1440 

1080 

180 

2700 

1710 

1080 

1620 

7920t 

8100 


♦Below  guaranty.    Red  Clover.    Whitney-Eckstein  Co.,  Buffalo,  N.  Y.; 

Whitney-Eckstein  Choice;  guaranty  97,  found  95.4;  ;  guaranty  99.6, 

found  98.4.    Com.    W.  F.  Cobb  &  Co.,  ;  ;  guaranty  98, 

found  95.3,  97.4.  E.  W.  Conklin  &  Co.,  Binghamton,  N.  Y.;  Improved  Pride 
of  the  North;  guaranty  99.12,  found  98.6. 

Italics  in  the  "purity  guaranty"  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean,  neoes- 
sarily  that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  is  very  scrupulous  in  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  in 
each  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 
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Trade  name 


Wholesaler 


Purity      Germination     Weed  seeds 
guaranty         percent  per  lb. 


Esrly  Rochester  . 
Geoesee  Giant  . . 
Pride  of  Nishua 
Pride  of  Nishua 


Pride  of  Nishua 

Early  Michigan 

Pride  of  Nishua 

Golden  Bnsilage  

Early  Ensilage   

Rising  SQ-day  Spec 

Rising  Gold  Dollar.... 

Rising   Early  King 

Rising  North  Star 

Early  King 

Longfellow  Yel.  Flint.. 

Learning 

Sanford  Flint 


Early  Triumph  . 
Luce's  FaTorite 
Pride  of  North  . 

Learning , 

White  F^int   ... 

3417 

Gold  Dollar  . 

Yellow  Learning 


Red  Gob  Ensilage  . . , 

Early  Mastadon 

Sanford  White  Flint 


Gunson 99.87 

Gunson 99.84* 

Gunson 99.97* 

Gunson 99.97 

Gunson 99.84* 

Gunson 99.97 

Gunson 99.87 

Gunson 99.97* 

Higbee    99.24 

Higbee    99.24 

Holbrook   100 

Holbrook   100* 

Holbrook  100 

Holbrook   100* 

Landon 100 

Lapelle 96 

Ross    99.69 

Ross    99.S 

Stanford    95 

Stanford    95 

Stanford    95 

Stanford    95 

Stanford    95 

Stanford    95 

Stanford    95 

Stanford 100 

Stanford    99 

Surprise 100 

Whitney-Eckstein .       98 
Whitney-Eckstein .       98 

Woodruff  100 


99 

94 

87 

93 

98 

88 

92 

94 

96 
100 

99 

95 

93 
100 
100 
100 

97.5 

97 

99 

88 

82 

86 

98 

96 

89 

94 

98 

71 

92 

96 

98 


MILLET 


Japanese    Abbott    

Japanese    Amer.  Mutual 

Japanese    (A)    Bailey 

Hungarian Bailey 

Japanese    Cobb   

Hungarian Conklln    

Conklin    


Japanese    1 . .  .Craver-Dickinson 

Japanese    Craver-Dickinson 

Hungarian Dickinson   


99 

86.59 

98.8* 

99.5 

98 

90 

97.1 

98.04 

99 

99.3 


93.5 

67 

89.5 

86 

97 

92 

98 

94 

94 

95 


900 

12060 

2970 

2340 

900 

900 
7560 
2520 
1620 

180 


*Bbu)w  gtjabantt.  Com.  Albert  Dickinson  Co.,  Chicago,  111.;  Pride  of 
North;  guaranty  99.8,  found  98.3.  L.  P.  Gunson  Co.,  Rochester,  N.  Y.;  Genesee 
Giant;  guaranty  99.84,  found  97.9;  Pride  of  Nishua;  guaranty  99.97,  found 

97,  97.7;  ;  guaranty  99.84,  found  96.7.    Holbrook  Grocery  Co.,  Keene, 

N.  H.;  Rising's  Gold  Dollar;  guaranty  100,  found  98.5;  Rising's  North  Star; 
guaranty  100,  found  99.5.  Millet  E.  W.  Bailey  &  Co.,  Montpelier,  Vt.; 
Japanese  (A) ;  guaranty  98.8,  found  97.8.  Holbrook  Grocery  Co.,  Keene,  N.  H.; 
Japanese;  guaranty  97,  found  96.2. 

Italics  in  the  "purity  guaranty"  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  Is  very  scrupulous  in  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  in 
eadi  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 
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•r 


Trade  name 


Wholesaler 


Purity 
eruaranty 


Germination 
percent 


Weed  seedB 
per  lb. 


Hungarian Dickinson   

Hungarian Dickinson   

Japanese   Dickinson 

Dickinson    ... 

Japanese   Qunson 

Japanese   Gunson 

Hungarian Holbrook  

Hungarian Holbrook  .... 

Hungarian Holbrook  

Japanese   Holbrook  

Hungarian Stanford    

Japanese   Stanford    

Japanese   Stanford    

Hungarian Whitney-Eckstein  . 

Hungarian Whitney-Eckstein . 

Hungarian Whitney-Eckstein . 

Japanese   Whitney-Eckstein . 

Japanese   Whitney-Eckstein . 

Japanese   Whitney-Eckstein . 

Japanese   Whitney-Eckstein . 

Japanese    Whitney-Eckstein . 

Japanese   Whitney-Eckstein . 

Japanese   ' Whitney-Eckstein . 

Japanese    Whitney-Eckstein . 

Japanese   


OATS 


Pennant  Bailey  

Pennant  Bailey 

Pennant  Bailey 

Pennant  Bailey 

Pennant  Bailey 

Pennant  Bailey 

Berkshire 

Recleaned    Burdett    . . 

Caledonia  . 

Swedish  Caledonia  . 

Caledonia  . 

Michigan  2  White Chatterton 

Cobb   


Crosby's  Recleaned Crosby    . . 

Dickinson 

Royal  Banner Qunson  . . 

Granary  Filler Gunson  . . 

Mammoth  Cluster Gunson  . . 

Prince  Royal Gunson  . . 

Liberian  Cluster Higbee   . . 

Granary  Filler Higbee   . . 


99.76 

95.5 

630 

99.3 

95 

630 

98.65 

93.5 

1260 

96.25 

81 

4140 

97.78 

94.5 

360 

97.78 

95 

3150^ 

97 

97.5 

1890t 

97 

89.5 

2970 

95 

83.5 

1170 

97  • 

82.5 

2520 

98 

98.5 

630 

98 

79.5 

3780 

95 

91 

5850 

97 

82 

2880 

98.5 

93.5 

2772 

97 

98.5 

4320 

98* 

87.5 

2250 

97 

88 

3330 

97 

77 

2880 

97* 

80.6 

2340 

97* 

83.5 

3960 

97 

86.5 

2160 

97 

94.5 

3690 

96 

94 

5490 

98,6 

92.5 

1260 

99.5 

97.5 

32 

99.5 

100 

— 

99.5 

99 

18 

99.5 

92.5 

27 

99.5 

99 

— 

99.5 

99 

— 

90 

95 

98 

99.78 

99 

99 

97.81 

97 

33 

99.44 

91 

144 

99.4S 

98.5 

44 

99.7 

97 

9 

98* 

99.5 

— 

99.78* 

99 

27 

99.5 

99 

— 

99.78 

94 

— 

99.78 

98.5 

— 

99.78 

95.5 

— 

99.78 

97.5 

— 

99.77 

97 

45 

99.5* 

99 

9 

•Below  guabawtt.  Millet.  Whitney-Eckstein  Co.,  Buffalo,  N.  Y.;  Jap- 
anese; guaranty  98,  found  97.2;  guaranty  97.  found  96,  95.6.  Oats.  W.  F. 
Cobb  &  Co., ;  ;  guaranty  98,  found  95.4.    E.  Crosby  ft  Co., 


Brattleboro,  Vt; 


guaranty  99.78,  found  98.9. 


Italics  in  the  "purity  guaranty"  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  Is  very  scrupulous  in  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  In 
each  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 


tSmut  present. 
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Trade  name 


Wholesaler 


Purity      Germination    Weed  seeds 
guaranty        percent  per  lb. 


White  Mountain   Holbrook 

White  Mountain   Holbrook  

B«xtra  Fancy .Holbrook  

White  Mountain   Holbrook 

White  Mountain   Holbrook  

White  Mountain  Holbrook  

White  Mountain  Holbrook  

White  Mountain  Holbrook  

• Park  A  Pollard. . . 

Hygrade  Fancy  St.  Albans 

Hygrade  Fancy  St.  Albans 


RED  TOP 


Ace    :Bailey    . . 

Caledonia 

Caledonia 

No.  1 Conklin    . 


Imperial Conklin 

A  Conklin    

Ace   Crayer-Dickinson 

2156 Craver-Dlckinson 

Dickinson    

Ace   Dickinson    

Ace    Dickinson    

Ace    Holbrook  

White  Mountain   Holbrook  

Fancy  4171 Stanford    

Stanford    

Stanford    


Fancy Stanford    

4010 Stanford    

Pan-American Whitney-Eckstein . 

Fancy  Whitney-Eckstein . 

Eureka Whitney-Eckstein . 

Pan-American Whitney-Eckstein . 

Whit-Bck.  Fancy   Whitney-Eckstein. 

Pan-American Whitney-Eckstein . 

Eureka Whitney-Eckstein . 

Eureka Whitney-Eckstein . 

TIMOTHY 

Mastiff   Abbott    

Amer.   Mutual .... 

Pine  Tree Berkshire    

Pine  Tree Burlington 

XX Burlington    

Caledonia    

King  Conklin    

King   Conklin    


99 

99.6 



99 

98.6 

— 

99 

100 

— 

99 

100 



99 

92 



99 

99 



99 

98 



99 

100 

9 

98.58 

88 

18 

99 

99 

90 

99 

96 

207 

97.25* 

85 

175501 

97 

48 

10800 

96 

44 

8550 

85 

47 

99000 

93.75 

73 

17100 

85 

49 

92260 

92.3 

58 

18000 

90 

74 

32400t 

90 

73 

30150t 

90 

42. 

17550 

92.6 

60 

23400t 

90 

59 

19360 

95 

81 

24760 

85 

67 

261000 

85 

46 

231300 

87 

69 

18900 

93 

57 

3150 

87 

62 

19800 

90 

49 

9900 

90 

62 

37350t 

95 

63 

6300 

90 

43 

15300 

90 

55 

1800 

90 

59 

1800 

94 

59 

11260 

95* 

47 

26550 

99.65 

92 

225 

99.15 

.   94 

1800 

99,7 

84 

— 

99.5 

83 

226 

98 

87 

3825 

99.75 

93 

450 

99.6 

92 

1125 

99.6 

88 

900 

• 

ni*o  n  a  fir  U 

?\\^ at*  •   aril o 

*Below  guabantt.  Q.  K.  Higbee  Co., 
anty  99.5,  found  96.3.  Red  Top.  E.  W.  Bailey  &  Co.,  Montpelier,  Vt.;  Ace; 
guaranty  97.25,  found  94.7.  Whitney-Eckstein  Co.,  Buffalo,  N.  Y.;  Eureka; 
guaranty  95,  found  91. 

Jtalic9  in  the  "purity  guaranty"  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  is  very  scrupulous  in  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  in 
each  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 


tBrgot  present.    tPresence  of  ergot  declared  in  gniaranty. 
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Trade  name 


Wholesaler 


Purity      Germination    Weed  seeds 
STuaranty         percent  per  lb. 


King  Conklln    

State Conklin    

King  Conklln    

Bingo   Conklln    

King   Conklln    

Spear Conklln    

State Conklln    

Pine  Tree Conklln    

King   Conklln    

Ace    Craver-Dlcklnson 

Craver-Dlcklnson 

Pine  Tree   Craver-Dlcklnson 

Craver-Dlcklnson 

Pine  Tree   Dickinson   

Pine  Tree   Dickinson    

Pine  Tree   Dickinson    

Pine  Tree   Dickinson    

Globe Dickinson    

Globe Dickinson   

Dickinson    

Pine  Tree  Dickinson    

Dickinson    

Pine  Tree   Dickinson    

Bison    Dickinson    

Bison    Dickinson    

XX Holbrook   

Pine  Tree  Holbrook  

Old  Home  Holbrook  

Pine  Tree  Holbrook  

White  Mountain   Holbrook   

White  Mountain   Holbrook   

Pine  Tree   Holbrook  

White  Mountain   Holbrook  

XX Holbrook  

White  Mountain  Holbrook  

White  Mountain   Holbrook  

Pine  Tree   Landon 

Pine  Tree   Mlddlebrook  

Honor Stanford    

Liberty Stanford    

Liberty Stanford    

Stanford    

Liberty .Stanford 

Honor Stanford    

Liberty Stanford    

Liberty Stanford    

Liberty Stanford    

Stanford    

Liberty Stanford  

Stanford  

Liberty Stanford    

Pine  Tree   Varlck    

Pine  Tree Varlck    


99.6 

82 

460 

99.7 

63 

1125 

99.6 

89 

226 

99.9 

88 

226 

99.6 

85 

460 

97 

73 

23860 

99.7 

77 

226 

99.6 

92 

226 

99.6 

76 

— 

99.5 

87 

226 

99.6 

84 

450 

99.5 

60 

450 

99.1 

95  ^ 

3376 

99.5 

96 

226 

99.6 

90 

99.6 

90 

— 

99.6 

91 

— 

99.8 

94 

— 

99.8 

92 

450 

99.6 

91 

460 

99.6 

92 

226 

99.6 

88 

— 

99.6 

90 

~— 

98 

86 

900 

91.0 

86 

3600 

98 

75 

3600 

99.5 

89 

225 

98 

95 

2475 

99.6 

97 

226 

99.85 

88 

226 

99.85 

84 

— 

99.6 

81 

225 

99.85 

87 

226 

93 

92 

1126 

99.85 

91 

• 

99.85 

76 

— 

99.7 

93 

226 

99.5 

79 

676 

99.7 

95 

676 

99.5 

91 

— 

99.5 

92 

460 

98 

90 

6526t 

99.6 

93 

450 

99.75 

74 

— 

99.5 

92 

460 

99.5 

83 

900 

99.5 

76 

— t 

99.5 

93 

226 

99.5 

87 

— 

99.5 

68 

225 

99.25 

89 

226 

99.6 

91 

— 

99.9 

87 

— 

Italics  in  the  "purity  guaranty"  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  is  very  scrupulous  In  this  respect.  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  the  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  In 
each  case  is  indicated  in  italics,  since  no  guaranty  statement  can  be  furnished. 
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Trade  name 


Wholesaler 


Purity      Germination     Weed  seeds 
gruaranty         percent  per  lb. 


Pan-American    Whitney 

Gold  Medal Whitney 

Pan-American Whitney- 
Pan-American  Whitney- 
Gold  Medal Whitney 

Gold  Medal Whitney 

Pan-American Whitney- 
Gold  Medal Whitney- 

Imperator  Whitney- 
Pan-American  Whitney- 
Gold  Medal  Whitney- 
Gold  Medal  Whltney- 

Imperator  Whitney- 
Pan-American  Whitney- 
Pan-American  Whitney- 
Gold  Medal  Whitney- 
Pan-American  Whitney- 
Gold  Medal Whitney- 
Pan-American  Whitney- 

MIXTURES 
Alsike,  Red  and  White 

Clovera  and  Timothy.  .Conklin    98 

Alsike,  Red  and  White 

CloTers  and  Timothy. .Conklin    

Alsike  and  Timothy. . .  .Dickinson    

Red  Top  and  Timothy.  .Whitney-Eckstein  . 

MISCELLANEOUS 

Ky.  Bine  Grass  (Glohe) . Dickinson    84.5 

Ky.  Bine  Grass Dickinson    

Buckwheat Whitney-Eckstein . 

Buckwheat Whitney-Eckstein . 

(White)  Clover Conklin    

(White)  CloTer Dickinson    

Orchard   Grass    Dickinson    

Peas    (Field)     Conklin    

Peas  (Canada)    Stanford    

Peas   (Canada)    Caledonia    

Rape   Whitney-Eckstein . 

Rape   Whitney-Eckstein . 

Rye  (Spring)  Middlehrook    

Speltz   Gunson    

doTer  (Sweet)    Holbrook  

Sadan  Grass Gunson    

Sudan  Grass Gunson    

Sudan  Grass Gunson    

Sudan  Grass Higbee   

Wheat Dalley    

Wheat Cunningham    

Wheat Caledonia    

Lawn  Grass Whitney-Eckstein  . 


-Eckstein . 

99.6 

94 

■Eckstein . 

99.75 

90 

— 

-Eckstein . 

99.5 

92 

450 

-Eckstein . 

99.5 

93 

225 

-Eckstein . 

99.7 

89 

— 

-Eckstein . 

99.7 

92 

675 

Eckstein . 

99.5 

87 

225 

Eckstein . 

99.75 

92 

900 

Eckstein . 

99 

80 

3375t 

-Eckstein . 

99.5 

94 

225 

Eckstein . 

99.75 

85 

— 

Eckstein . 

99.75 

87 

225 

Eckstein . 

99 

81 

450 

Eckstein . 

99.07 

23 

225 

Eckstein . 

99.5 

95 

675 

Eckstein . 

99.75 

90 

Eckstein . 

99.5 

90 

Eckstein . 

99.75 

90 

Eckstein . 

99.5 

91 

450 

88 


9000 


98 

75 

6525 

85.05T 

92.5T 

4050 

10.2A 

2.5A 

99.5 

YTOf 

71 

675 

TJS 
84.5 

35 

7650 

73.5 

37.5 

900 

98 

82 

325 

98 

99 

250 

95.5 

98 

2475 

91.15 

86 

2925 

78 

45 

675 

99.32 

66 

— 

95 

90 

— 

97.S5 

99 

98 

90 

98 

93.5 

95 

98 

11 

98.67* 

77 

— 

99 

94 

180 

99.17 

87 

99.17 

85.5 

— 

99.17 

88 

99.11 

87.5 

— 

98 

93 

90 

90 

99.5 

— 

99.55 

95 

80 

49 

38250 

*Below  guabantt.  Albert  Dickinson  Co.,  Chicago,  111.  Alsike  and 
Timothy;  guaranty,  85.05  timothy,  10.2  alsike;  found  92.5  and  2.5.  L.  P. 
Gunson  Co.,  Rochester,  N.  Y.;  Speltz;  guaranty  98.67;  found  94.9. 

Italics  in  the  "purity  guaranty"  column  indicate  that  no  guaranties  were 
found  attached  to  the  goods  as  offered  for  sale.  This  does  not  mean  neces- 
sarily that  the  wholesaler  did  not  furnish  a  guaranty  as  required  by  law. 
Most  of  the  seed  trade  is  very  scrupulous  in  this  respect  It  means  simply 
that  the  sampling  agents  noted  no  purity  guaranties  attached  to  he  packages 
from  which  samples  were  drawn.  The  actual  contents  of  pure  seed  found  in 
each  case  is  Indicated  in  italics,  since  no  ^aranty  statement  can  be  furnished. 
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Discussion  of  the  Results  of  Inspection 

The  violations  of  the  law  consist  of : 

(1)  Failure  to  declare  guaranties.  This  amounts  to  practical 
nuUication,  in  so  far  as  information  touching  guaranteed  purity  is  con- 
cerned, supplied  to  the  purchaser  of  the  usual  amounts  from  broken 
packages.  The  writer  has  no  means  of  knowing  with  certainty  but 
has  every  reason  to  believe  that  local  merchants  quite  commonly  fail 
to  affix  "a  plainly  written  or  printed  statement,"  "conspicuously"  to 
"every  lot  or  parcel  of  agricultural  seed  of  five  pounds  or  over  sold  for 
seeding  purposes"  "clearly  and  truly  certifying  the  namer  thereof  and 
its  minimum  percentage  of  purity,"  etc. 

Nearly  ten  percent  of  the  lots  sampled  by  the  station  agents  bore 
no  visible  statement  as  to  the  purity  of  their  contents.  Almost  invar- 
iably this  information  is  furnished  by  the  wholesaler,  but  the  retailer 
often  pays  no  attention  to  and  destroys  it. 

(2)  Failure  to  maintain  guaranties.  Ten  percent  of  the  goods 
which  were  guaranteed  were  found  to  be  deficient,  and  two  percent 
were  seriously  deficient.  Especial  attention  is  called  to  the  following 
cases.  It  is  not  to  be  wondered  that  there  are  several  lapses  in  view 
of  the  extremely  tenuous  protection  afforded  by  the  Vermont  law, 
which  is  about  as  toothless  as  it  well  can  be. 

H,  A.  Slay  ton  &  Co,,  Morris  ville,  Vt.  Red  Clover.  Guarantied 
89.2,  found  80.5.     This  lot  contained  18.8%  millet. 

W.  F.  Cobb  &  Co., .     Oats.    Guarantied  98,  found 

95.4.    The  impurity  was  mostly  barley. 

G.  K.  Higbee  Co.,  .     Oats,  Granary  Filler  Brand. 

Guarantied  99.5,  found  96.3.     This  lot  contained  3%  wheat. 

E.  W.  Bailey  &  Co.,  Montpelier,  Vt.  Red  Top,  Ace  Brand. 
Guarantied  97.25,  found  94.7.     Contained  more  than  5%  inert  matter. 

Whitney-Eckstein  Co.,  Buffalo,  N.  Y.  Red  Top,  Eureka  Brand. 
Guarantied  95,  found  91.     Contained  8%  inert  matter. 

Albert  Dickinson  Co.,  Chicago,  111.  Alsike  and  Timothy.  Guar- 
antied to  contain  85.05  timothy  and  10.2  alsike ;  contained  9.25  timothy 
and  2.5  alsike.  It  is  conceivable,  of  course,  that  mechanical  separation 
occurred  in  the  bag  and  that  the  entire  sack  carried  the  proportions 
indicated. 

L.  P.  Gunson  Co.,  Rochester,  N.  Y.  Spelts.  Guarantied  98.67, 
found  94.9.     Contained  4.8%  inert  matter. 
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Concerning  Viability 

The  Vermont  law  does  not  require  the  seller  to  state  the  viability 
oi  his  goods — as  is  done  in  New  Hampshire  and  several  other  states. 
However,  the  Vermont  Station  has  always  reported  upon  this  important 
matter.  A  considerable  number  of  lots  bore  a  guaranty  statement  as 
to  viability.  It  is  interesting  to  compare  promise  and  performance, 
as  follows : 


Total  Guaranty  Guaranty 

number  Guaranteed  met  not  met 

AlfUfa    5 

Barley    10 

CloTer,  alslke 38 

Clover,  red   61 

Corn   49 

MUlet    35 

Oats    32 

Red  Top 26 

Timothy    80 

Mixtures    5 

Misoellaneous 21 

362  121  70  51 

It  is  clear  that  seed  dealers  hesitate  to  put  upon  the  package  "the 
truth,  the  whole  truth  and  nothing  but  the  truth"  in  respect  to  their 
red  top  sales;  and  there  seems  a  tendency  to  overstate  the. viability  of 
timothy. 

How  is  it  as  between  the  different  seed  houses?  Eighty  percent 
of  the  samples  were  the  product  of  seven  concerns,  and  these  houses 
guaranteed  the  viability  of  three-eighths  of  the  lots  sampled.  Six  of 
the  seven  were  on  the  safe  side,  maintaining  more  guaranties  than  they 
failed  to  maintain.  The  three  concerns  which  apparently  sell  most 
largely  and  which  guaranteed  the  viability  of  from  %o  to  %o  of  their 
goods,  on  the  average  exceeded  their  viability  guaranties  in  55%  and 
did  not  exceed  them  in  45%  of  the  cases. 


1 

1 

0 

3 

3 

0 

13 

5 

8 

21 

18 

3 

30 

20 

10 

12 

7 

5 

7 

6 

1 

11 

0 

11 

20 

7 

13 

0 

0 

0 

3 

3 

0 
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comparison  of  viability  with  standards 

Up  to  or 
Standard  above  Below 

of  minimum  minimum 

Seed  viability  Samples  standard  standard 

Alfalfa     

Barley   

Alsike  clover    

Red  clover  

Corn    

Millet    

Oats   

Red  top 

Timothy    

Buckwheat  

Peas     

Rape    

Rye    

344  275  69 

This  outcome  is,  on  the  whole,  a  reasonably  satisfactory  one,  80 
percent  of  the  seed  being  of  standard  quality  in  respect  to  viability; 
that  is  to  say,  in  other  words,  apart  from  all  matter  of  guaranty  main- 
tenance, on  the  whole,  viabilities  were  excellent  in  1921 — ^a  very  dif- 
ferent situation  than  was  found  in  1920. 


85-90 

5 

4 

1 

90-95 

10 

9 

1 

75-80 

38 

38 

0 

85-90 

61 

59 

2 

90-95 

49 

40 

9 

85-90 

35 

27 

8 

90-95 

32 

31 

1 

75-80 

26 

2 

24 

85-90 

80 

60 

20 

90-95 

2 

1 

1 

93-98 

3 

1 

2 

90-95 

2 

2 

0 

90-95 

1 

1 

0 

The  following  list  Is  of  bulletins  Issned  during  recent  jeara,  most  of 
wlilcli  haTe  not  been  sent  to  the  entire  mailing  list.  Any  one  or  more  will 
be  sent  you,  If  desired,  without  charge.  A  postal  card  addressed  to  the 
Experiment  Station,  Burlington,  stating  joja  desires  Is  sufficient. 

m 

210  A  study  of  the  frustrum  form  factors  of  hard  maple  and  yellow 

birch   88  pages 

211  The  aerial  fertilization  of  plants  with  carbon  dloxld M  pages 

212  Thirty-first  annual  report  (1917-1918)    s . . .  16  pages 

215  Cold  storage  of  cottage  and  other  soft  curd  cheeses 22  pages 

214    Tlpbum  of  the  potato  and  other  plants 28  pages 

216  Scab  resistance  of  potato  tubers SO  pages 

216  Commercial  fertilizers;   Commercial  feeding  stuffs;  Agricultural 

seed  (1019)   16  pages 

217  Blackberries  of  New  England^-Thelr  classification 84  pages 

218  Blackberries  of  New  England — Genetic  status  of  the  plants. . .  86  pages 

219  Eccentric  growth  and  the  formation  of  redwood  In  the  main  stem 

of  conifers  16  pages 

220  Commercial  fertilizers;   Commercial  feeding  stuffs;  Agricultural 

seed  (1920)    82  pages 

221  First  15  years  of  a  40-Tarlety  apple  orchard.    Apple  clon  selection 

from  high  and  low  yielding  parent  trees 46. pages 

222  Yield  and  quality  In  Hubbard  squash 48  pages 

The  following  bulletins  are  In  press  and  wfll  be  Issued  In  the  near 
future.  They  will  not  be  sent  to  the  entire  mailing  list.  Any  one  or  more 
will  be  sent  you.  If  desired,  without  charge.  A  postal  card  addressed  to  the 
Experiment  Station,  Burlington,  stating  your  desires  Is  sufficient. 

234    The  rlolets  of  North  America  (In  press) 60+  pages 

225  Protein  studies  with  dairy  cows  (In  press) 120+  pages 

226  Maintenance  studies  with  dairy  cows  (In  press) 120+  pages 
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I.    INTRODUCTION 
By  George  P.  Burns 

It  is  not  my  purpose  in  this  introduction  to  go  into  a  detailed 
discussion  of  the  problem  of  the  origin  of  species,  but  only  to  outline 
the  scope  of  the  work  reported  in  this  bulletin  and  that  of  bulletins  217 
and  218  of  this  Station  as  they  relate  to  that  question. 

The  method  of  the  origin  of  new  species  is  today  the  leading  prob- 
lem before  those  botanical  workers  who  are  interested  in  plant  evolu- 
tion. An  explanation  of  the  causes  leading  to  those  fundamental 
changes  in  a  plant  which  botanists  recognize  as  giving  it  specific  rank 
is  the  most  pressing  of  all  evolutionary  problems,  important  not  only 
to  those  interested  in  pure  science  but  also  to  those  working  in  the 
field  of  plant  breeding. 

The  beginning  of  the  twentieth  century  may  be  justly  regarded 
as  an  epoch  making  date  in  the  history  of  botanical  science.  It  was 
then  that  the  validity  of  the  theories  of  Mendel  was  first  clearly  recog- 
nized by  botanists.  The  work  of  de  Vries,  who  promulgated  the  theory 
of  mutation  and  the  principle  of  unit  characters,  appeared  about  this 
time.  Focke  and  Sudre  had  already  shown  that  hybridism  had  been 
responsible  for  numerous  forms  upon  which  evolution  could  work  in  the 
progress  of  plant  life.  Recently  Lotsy  has  attacked  the  mutation 
hypothesis,  claiming  that  all  changes  in  living  matter  are  due  to  hybrid- 
ization and  not  to  mutations.  Two  hypotheses,  then,  are  now  extant  to 
account  for  the  origin  of  new  forms;  the  one  maintaining  that  these 
arise  spontaneously  from  existing  species;  the  other  claiming  that 
changes  in  plants  are  due  to  recombinations  of  unit-characters  due  to 
hybridization.  The  number  of  possible  combinations  of  unit-characters 
in  the  hybrid  is  always  large,  because  each  plant  possesses  many  such 
unit-characters  and  the  resulting  hybrids  are  accordingly  exceedingly 


>  President  Bmeritus  of  Middlebury  College. 
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variable.  Hence  it  is  of  fundamental  importance  in  any  investigation 
which  attempts  a  genetic  study  of  the  behavior  of  individual  plants 
that,  as  a  necessary  preliminary  step,  an  extended  research  be  made  to 
determine  the  antecedents  of  the  individuals  used. 

The  most  promising  material  growing  in  the  wild  for  testing  the 
value  of  either  of  these  hypotheses  would  be  a  genus  or  genera  in 
which  there  are  well  defined  species  with  numerous  intermediate 
forms — hybrids  or  elementary  species.  Two  such  polymorphic  genera 
are  Rubus  and  Viola.  Brainerd  has  studied  these  two  genera  inten- 
sively for  over  25  years.  Early  in  his  systematic  work  he  became 
"painfully  aware  of  the  confusion  that  had  arisen  from  publication  of 
scores  of  obscure  and  illegitimate  species  in  these  two  genera  based 
on  scanty  or  immature  material." 

His  method  in  both  genera  has  been  the  same.     It  consisted  in : 

(1)  An  examination  of  all  the  material ^in  the  principal  herbaria. 

(2)  A  comprehensive  study  of  the  distribution  of  the  plants 
growing  in  their  native  habitats  by  means  of  many  personal  excursions 
and  with  the  help  of  many  co-laborers. 

(3)  An  experimental  analytical  study  of  the  individual  plants. 

(4)  A  synthetic  study  of  the  forms  by  crossing. 

In  later  years  Peitersen  became  associated  with  him  in  his  study 
of  Rubus  and  the  work  as  outlined  above  was  completed  and  the  results 
published.^  Brainerd  has  completed  the  first  three  phases  of  the  work 
with  Viola,  but  the  fourth  remains  to  be  done. 

From  May,  1902  to  October,  1903,  Brainerd  devoted  his  time  prin- 
cipally to  work  in  the  field,  collecting  and  examining  some  2,000  to 
3,000  plants  from  over  200  stations  in  western  New  England  and 
western  Massachusetts.  Much  of  this  material  was  examined  and  dis- 
cussed by  expert  students  of  the  genus.  In  his  study  of  the  literature 
he  found  that,  for  the  most  part,  students  of  violets  had  not  paid 
sufficient  attention  to  the  development  of  the  plant  during  the  summer 
months  and  he  was  the  first  to  show  the  outstanding  importance  of 
studying  the  mature  plant,  bearing  apetalous  flowers  and  capsules. 

Later,  a  wealth  of  material,  consisting  of  living  plants  from  all 
parts  of  the  country,  was  collected  in  his  garden  and  grown  under 
similar  cultural  conditions  to  determine  which  variations  found  could 
be  attributed  to  environmental  factors  and  which  to  fundamental  dif- 
ferences in  the  germ  plasm.  Some  idea  of  the  extent  of  his  garden 
study  may  be  gained  from  the  fact  that  his  collection  consisted  at  one 
time  of  approximately  3,500  plants  of  about  650  diflferent  numbers, 
some  200  of  which  were  from  the  wild  and  450  raised  from  seeds. 


»Vt.  Sta.  Buls.  217,   218   (1920) 
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These  studies  awakened  his  suspicion  of  hybridism  and  he  pub- 
lished in  1914  his  first  triangle  which  aimed  to  express  the  genetic 
relationship  of  the  violets  of  western  Vermont.  In  fact,  this  triangle 
shows  that  in  the  five  species  which  had  been  most  thoroughly  studied, 
were  to  be  found  eight  of  the  ten  possible  hybrids  that  might  result 
from  their  inbreeding. 

When  the  idea  that  many  of  the  intermediate  plants  might  be 
hybrids  was  reached,  an  experimental  method  was  at  hand  to  test  its 
truth.  Thus  it  was  possible  for  him  to  test  the  accuracy  of  his  system- 
atic work  by  sowing  in  his  garden  the  seed  from  the  various  forms 
found  there.  In  this  way  he  was  able  to  determine  which  were  good, 
i.  e.,  valid,  species,  which  were  hybrids  and,  furthermore,  to  determine 
the  parents  of  any  hybrid.  This  work  was  analytical.  At  present  he 
has  in  his  herbarium  the  enormous  number  of  984  sheets  of  specimens 
of  violet  hybrids  from  the  wild  and  from  garden  cultures  which  repre- 
sent 89  distinct  hybrids. 

The  results  of  the  work  have  been  discussed  as  shown  by  the  list 
of  publications  at  the  end  of  this  bulletin.  Some  of  the  more  important 
data  may  be  summarized  here.  The  numerous  forms  found  in  the 
wild  may  be  grouped  into  three  classes,  species,  hybrids  and  anomalous 
forms  which  are  normally  fertile  and  come  true  to  seed.  These  last 
named  forms  are  the  result  of  hybridism  in  the  remote  or  recent  past. 
In  this  way  new  forms  have  arisen  which,  although  of  hybrid  origin, 
are  distinct  and  stable  and,  if  fairly  widespread,  may  be  entitled  to 
specific  rank.  His  experimental  work,  with  that  of  Peitersen,  has 
shown  the  great  wealth  of  new  forms  furnished  by  hybridization  upon 
which  natural  selection  may  operate.  This  work  represents  one  of 
the  most  illuminating  researches  of  the  present  time,  throwing  light 
on  the  problem  of  the  origin  of  species.  It  marks  art  enormous  ad- 
vance in  the  methods  of  the  systematic  botanist. 

In  view  of  the  fact  that  the  composition  of  plants  found  growing 
^  in  the  wild  is  so  uncertain,  I  believe  that  such  a  study  as  is  here  pre- 
sented is  absolutely  indispensable  to  determine  the  relationship  of  the 
species  in  any  genus  of  plants.  All  work  in  plant  breeding  should  be 
preceded  by  such  a  preliminary  experimental  analysis  of  the  plants 
to  be  used  as  parents  before  actual  breeding  experiments  are  begun. 
Only  thus  can  the  experiments  themselves  be  properly  conducted ;  only 
thus  can  reliable  results  be  secured. 

We  wish  to  acknowledge  the  assistance  which  W.  W.  Eggleston 
of  the  Bureau  of  Plant  Industry  has  rendered  in  reading  of  proof  and 
in  checking  references. 
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II.    VIOLETS  OF  NORTH  AMERICA 
By  Ezra  Brainerd 

A.    .  Acaulescent  or  without  manifest  stems. 

a.     Rootstock  fleshy  and  thickened,  without  stolons. 
b.     Cleistogamous  flowers  in  raceme-like  branches. 
Leaves  of  raceme  one  or  less ;  seeds  gray. 

41.  V.  rotimdifolia. 
Leaves  of  raceme  several ;  seeds  brown. 

42.  V.  orbiculata. 
bb.  Cleistogamous  peduncles  from  rootstock. 

c.     Petals  all  beardless,  apetalous  flowers  wanting,  upper 
petals  dark  violet,  others  lilac-purple. 

1.  V.  pedata. 

cc.  Lateral  petals  bearded;  cleistogamous  flowers  abun- 
dant ;  petals  all  normally  violet-purple ;  freely  hybrid- 
izing— only  three  species  in  Synoptical  Flora. 
1.    Cleistogamous   flowers   ovoid   on   short   prostrate 
pedicels ;  capsules  purplish. 
Leaves  usually  cut. 

Leaves  all  palmately  5-11-lobed  or  -parted. 
Plants  villous-pubescent. 

2.  V.  palmata. 
Plants  nearly  or  quite  glabrous. 

Seeds  brown. 

3.  V.  Egglestoni. 
Seeds  buflF. 

4.  V.  Stoneaiuu 
Earliest    and    latest    leaves    usually    uncut, 
others   pedately   3-7-lobed ;   seeds   generally 
buff. 

Plants  villous-pubescent. 

12.  V.  triloba. 
Plants  obscurely  pubescent  or  glabrate; 
flowers  deep  purple;  inhabitant  of  shady 
uplands. 

11.  V.  LoveUiana. 
Plants  glabrous;  flowers  pale  violet;  in- 
habitant of  wet  woods. 

0.  V.  esculenta. 
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Leaves  all  uncut. 

Plants  nearly  or  quite  glabrous. 

Petals  violet-purple;  seeds  brown. 

Petioles  glabrous ;  plants  of  moist  soil. 

5.  V.  papilionacea. 
Petioles    puberulent;    plants    of    dry 
soils. 

7    V    IaHuacuIa 

Petals  rose-purple;  seeds  buflf. 

8.  V.  rosacea. 

Petals  pale-violet  or  white;  seeds  buff. 
Vernal  leaves  narrow,  gradually  at- 
tenuate. 

9.  V.  missourienBis. 
Vernal  leaves  broad,  subcordate. 

10.  V.  floridana. 
Plants  pubescent. 

Plants  villous-pubescent,  especially  on 
petiole  and  lower  leaf-surface;  seeds 
dark  brown. 

13.  V.  sororia. 
Plants  hirsutulous  on  the  upper-leaf  sur- 
face ;  elsewhere  glabrous ;  seeds  buflf. 

14    V    hirsutiila 

JL^.       ▼•     BAA*  OWi%UUi* 

2.    Cleistogamous  flowers  on  long  ascending  peduncles, 
their  capsules  more  or  less  purplish. 

Leaves  pubescent  beneath  and  on  the  petioles. 
Sepals   and   their   auricles   ciHolate;   blades 
broadly  ovate,  cordate. 

15.  V.  septentrionaUs. 
Sepals  and  auricles  not  ciliolate;  blades  at 
flowering  time  narrowly  ovate. 

16.  V.  novae-angliae. 
Leaves  glabrous  beneath  and  on  the  petioles. 

Leaves  at  vernal  flowering  narrowly  cordate- 
acuminate  ;  seeds  buflf. 

Auricles  of  sepals  short  appressed. 

17.  V.  afimis. 

Auricles  of  sepals  2  mm.  long,  spreading. 

18.  V.  Langloisii. 
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Leaves  at  vernal  flowering  subcordate,  3- 
lobed ;  seeds  bronze. 

19.  V.  chalcoHtemuu 

3.    Cleistogamous   flowers  on  erect  peduncles,   their 
capsules  green. 

Leaves   ovate   to   reniform,   cordate,   glabrous, 
uniformly  crenate-serrate. 

Cleistogamous  flowers  ovoid;  spurred  petal 
villous. 

20.  V.  nephroidiylla. 
Cleistogamous    flowers    long    and    slender; 
spurred  petal  glabrous. 

21.  V.  cuciillaia« 
Leaves   lobed,   or  margins  sharply   incised   or 
toothed  towards  the  cordate  or  truncate  base. 

Spurred  petal  glabrous,  lateral  with  clavate 
beard;  leaves  lobed. 

22.  V.  vuurain. 

Spurred  petal  villous  at  base,  the  lateral  ones 
with  capillary  beard. 

Foliage  finely  pubescent. 

Leaves  ovate  to  orbicular,  obtuse. 

23.  V.  viUoMu 
Leaves  ovate-oblong,  acute. 

24.  V.  fimbriatubu 
Foliage  nearly  or  quite  glabrous. 

All  leaves  uncut. 

Leaves    oblong-lanceolate,    in- 
cised at  base. 

25.  V.  sagittota. 
Leaves     deltoid     to     broadly 
ovate,  coarsely  toothed  at  base. 

26.  V.  emarginata. 
Leaves  usually  cut. 

Segments  2-3-cleft  into  linear 
or  oblanceolate  lobes;  eastern. 

27.  V.  Brittoniana. 
Segments  2-cleft,  the  divisions 
often  2-4-lobed ;  western. 

28.  V.  pedatifida. 
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Middle  segment  uncut,  the 
outer  usually  2-4-cleft;  south- 
ern. 

29.  V.  septemloba. 

aa.  Rootstock  slender;  plants  bearing  stolons  (excepting  30,  32)  ; 
flowers  white,  yellow  or  violet. 
b.     Petals  lilac  or  pale  violet. 

c.     Stolons   lacking;  leaves   minutely  pubescent  on   the 
upper  surface ;  spur  large,  7  mm.  long. 

30.  V.  Selkirkii 

cc.  Stoloniferous;  leaves  flabrous  throughout;  spur  short, 
2  mm.  long. 

31.  V.  palustria. 

bb.  Petals  white,  with  dark  purple  lines  on  the  three  lower. 
c.    Cleistogamous  flowers  on  prostrate  peduncles,  their 
capsules  ovoid  commonly  reddish-brown ;  plants  of 
cold  ravines  and  low  rich  woods. 

Stolons   lacking;   lateral   petals  beardless;   leaves 
reniform. 

32.  V.  renif olia. 
Stoloniferous. 

lateral  petals  bearded ;  seeds  obtuse  at  base. 

33.  V.  Incognita. 
Lateral  petals  beardless;  seeds  acute  at  base. 

34.  V.  blanda. 

cc,  Cleistogamous  flowers  on  erect  peduncles,  their  cap- 
sules ellipsoid,  green ;  plants  of  open  bogs. 
Leaves  ovate  to  oblong. 
Leaves  ovate  cordate. 

Leaves  toothed;  eastern. 

35.  V.  pallcns. 
Leaves  entire;  western. 

36.  V.  Madoskeyi* 
Leaves  oblong,  tapering  at  base. 

37.  V.  primulifolia. 
Leaves  lanceolate  or  elliptical. 

Leaves  elliptical;  Pacific  coast. 

38.  V.  occidentalis. 
Leaves  lanceolate;  eastern. 

Leaves  10  to  15  mm.  wide. 

39.  V.  lanceolata. 
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Leaves  4-10  mm.  wide. 

40.  V.  vittata. 
AA.  Caulescent,  or  with  manifest  stems, 
a.     Leaves  cut  or  lobed.. 
b.     Flowers  yellow. 

Leaves  and  sepals  ciliate-pubescent. 

49.  V.  chrysantha. 
Leaves  and  sepals  puberulent. 

50.  V.  Shdtonii. 

bb.  Flowers    with    upper   petals   dark    purple;   other    petals 
lighter. 

Leaves    hirsutulous;    lower    petals    light    purple    to 
whitish. 

5L  V.  Beckwithii. 
Leaves  glabrous;  lower  petals  yellowish. 
Leaves  veined,  stipules  large. 

52.  V.  Hallii. 
Leaves  3-ribbed ;  stipules  small. 

53.  V.  trinervata. 
aa.  Leaves  entire. 

b.     Flower  yellow. 

First  peduncles  from  the  base  of  the  stem. 

Flowers  on  long  peduncles  much  exceeding  leaves. 

45.  V.  pedimculata. 
Flowers  on  short  peduncles. 

Leaves    oblong-lanceolate,    attenuate    at    base, 
usually  glabrous. 

46.  V.  Nuttallu. 

Leaves  ovate  abruptly  cuneate,  usually  pubes- 
cent. 

Leaves  obscurely  dentate. 

47.  V.  praemorsa. 
Leaves  5-7  markedly  dentate. 

48.  V.  purpurea. 
First  peduncles  from  upper  half  of  stem. 

Rootstocks  filiform;  stems  spreading  or  procum- 
bent. 

Stems  spreading,  sometimes  rooting  at  nodes ; 

leaves  evergreen. 

43.  V.  sarmentosa. 
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Stems  weak,  2-3  leaves;  leaves  deciduous. 

44.  V.  biOora. 
Rootstock  short,  thick,  stems  erect. 
Leaves  lobed. 

Upper    stipules   large    and    foliaceous;    Pacific 
coast. 

55.  V.  lobata. 
Upper  stipules  small ;  eastern. 

56.  V.  tripartita. 
Leaves  uncut. 

Nearly  glabrous. 

Leaves  round-cordate;  western. 

57.  V.  glabelku 
Leaves  halberd-shaped;  eastern. 

54.  V.  hastata. 
Pubescent.  , 

Sparingly  pubescent ;  root-leaves  usually  1-2 ; 
stem  leaves  rarely  over  7  cm.  wide. 

58.  V.  eriocaitMu 

Softly  pubescent ;  root-leaves  often  wanting ; 
stem-leaves  broad,  often  over  7  cm.  wide. 

59.  V.  pubescens. 
bb.  Flowers  not  yellow. 

c.     Petals  white  or  lavender. 
Petals  white. 

Underground  stolons  present. 

60.  V.  rugulosa. 
Underground  stolons  lacking. 

Sepals  subulate,  entire. 
Upper  petals  white. 

Stems  usually  15-35  cm.  high. 

61.  V.  canadensis. 
Stems  usually  10-15  cm.  high. 

62.  V.  scopulonun. 
Upper  petals  purple. 

Leaves  cordate. 

63.  V.  ocellata. 
Leaves  cuneate. 

64.  V.  cuneata. 
Sepals  oblong-lanceolate,  fimbriate. 

66.  V.  striate. 
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Petals  lavender. 

65.  V.  Flcttii. 

cc.  Petals  violet  or  purple. 

Spur  short;  style  much  enlarged  upward  into  a 
globose,  hollow  summit;  annual. 

75.  V.  RafinesquiL 
Spur  long  (2-12  mm.);  style  not  capitate;  peren- 
nials. 

Stems  stolon-like  below  ground,  low  and  weak 
above. 

73.  V.  LangsdorfiL 
Stems  not  stolon-like  below,  high  and  well  de- 
veloped above. 

Spur  7-12  mm.  long,  style  glabrous. 

74.  V.  rostTftUu 

•      Spur  2-6  mm.  long ;  styles  pubescent  towards 
summit. 

Stems   prostrate,    often   rooting   at   the 
nodes. 

Leaves   reni  form-cordate ;   southeast- 
ern United  States. 

69.  V.  WalterL 

Leaves  oblong-cordate;  New  Mexico. 

70.  V.  reptans. 
Stems  erect  or  ascending,  not  rooting. 

The  few  cauline  stipules  mainly  en- 
tire, subradical  ones  lacineate-dentate. 

72.  V.  Howellii. 
Stipules    from    serrate   to   fimbriate- 
pinnatifid  or  pectinate. 
Leaves  orbicular. 

Stipules  ovate  lanceolate  bris- 
tly serrate ;  leaves  often  4.5  cm. 
wide. 

67.  V.  conspersa. 
Stipules  linear,  entire  except  at 
base;  leaves  not  over  2  cm. 
wide. 

68.  V.  labradorica. 
Leaves  ovate. 

71.  V.  adunca. 
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SPECIES     OF     NORTH     AMERICAN     VIOLA     NORTH     OF     MEXICO, 

ARRANGED  ACCORDING  TO  AFFINITIES 


No. 

No. 

No. 

1. 

V. 

pedata* 

27. 

V. 

Brlttonlana* 

53. 

V.  trinervatat 

2. 

V. 

palmata* 

28. 

y. 

pedatifida* 

54. 

v.  hastata* 

3. 

V. 

Egglestonil* 

29. 

V. 

septemloba* 

55. 

V.  lobatat 

4. 

V. 

Stoneana* 

30. 

V. 

Selkirkil** 

56. 

V.  tripartita! 

5. 

V. 

papUlonacea* 

31. 

V. 

paluBtris* 

57. 

V.  glabella! 

6. 

V. 

escuIentaS 

32. 

V. 

renifolia* 

58. 

V.  eriocarpa* 

7. 

V. 

latinscula* 

33. 

V. 

incognita* 

59. 

V.  pubescens* 

8. 

V. 

rosacea! 

34. 

V. 

blanda* 

60. 

V.  rugulosa* 

9. 

V. 

miSBOuriensis* 

35. 

V. 

pallens* 

61. 

v.  canadensis* 

10. 

V. 

floridanaf 

36. 

V. 

Macloskeyif 

62. 

v.  scopulorum* 

11. 

V. 

Lovelllanal 

37. 

V. 

primulifolia* 

Boulder,  Colo.,  etc. 

12. 

V. 

triloba* 

38. 

V. 

occidentalist 

63. 

V.  ocellatat 

13. 

V. 

sororla* 

39. 

V. 

lanceolata* 

64. 

y.  cuneatat 

14. 

V. 

•hirsutula* 

40. 

V. 

vlttatai 

65. 

V.  Flettiit 

15. 

V. 

septentrionalis* 

41. 

V. 

rotundifolia* 

66. 

V.  striata* 

16. 

V. 

noYae-angliae* 

42. 

V. 

orbiculataf 

67. 

V.  conspersa* 

17. 

V. 

afflnis* 

43. 

V. 

sarmentosaf 

68. 

V.  labradorica* 

18. 

V. 

Langlolslll 

44. 

V. 

biflorat 

69. 

V.  Walteri* 

19. 

V. 

chalcospermaS 

45. 

V. 

pedunculatat 

70. 

V.  reptans! 

20. 

V. 

nephrophylla* 

46. 

V. 

Nuttallil* 

Robinson   Contrlb. 

21. 

V. 

eucuUata* 

47. 

V. 

praemorsaf 

from  Gray  Hb. 

22. 

V. 

viarum*' 

48. 

V. 

purpurea! 

71. 

V.  adunca* 

23. 

V. 

yillosa* 

49. 

V. 

chrysanthat 

72. 

V.  Howelllit 

24. 

V. 

flmbriatula* 

50. 

V. 

Sheltoniit 

73. 

V.  Langsdorllit 

25. 

V. 

sagittata* 

51. 

V. 

Beckwithiif 

74. 

V.  rostrata* 

26. 

V. 

emarginata* 

52. 

V. 

Halliif 

75. 

V.  Rafflnesquii* 

The  46  species  marked  *  are  in  the  Atlantic  Basin  and  north  of  Lat.  37°. 
The    9  species  marked  !  are  in  the  Atlantic  Basin  but  only  south  of  Lat. 

37^ 
The  20  species  marked  f  are  only  in  territory  draining  into  the  Pacific. 

76  Total. 
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Species  No.  1— Violfl  pedata  CurtlB  aot  L. 
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Viok  pedaU  L.  Sp.  PI.  933.     1753.    Species  No.  1. 

Our  color-plate  represents  the  violet  of  eastern  North  America 
that  was  the  first  to  awaken  the  admiration  of  Europeans.  The  deep 
purple  of  the  upper  petals  and  the  lighter  color  with  dark  veins  of  the 
three  lower  ones  made  it  a  rival  of  the  pansy.  Its  gracefully  dissected 
foliage  suggested  to  Linnaeus  the  name  of  pedata,  the  Bird-foot  Violet. 
It  often  assumes,  however,  a  less  ornate  attire  in  which  all  the  petals 
have  the  lilac-purple  of  the  three  lower  ones  of  the  type.  This  was 
published  with  a  plate  in  1789,^  which  unfortunately  was  taken  to  rep- 
resent the  real  V,  pedata  of  Linnaeus,  an  error  that  was  corrected 
only  107  years  later  by  Greene,^  who  saw  the  pansy-like  form  in  the 
vicinity  of  Washington  for  the  first  time  in  1896  when  entering  upon 
his  duties  there  as  Professor  of  Botany  in  the  Catholic  Univei"sity. 
The  species  appears  here  and  in  the  AUeghanies  of  western  Virginia 
at  its  best  estate.  It  was  from  this  vicinity  that  the  oldest  collection  of 
the  Linnaean  material  for  V,  pedata  was  made  in  1688.  Farther 
south  it  recedes  from  the  tide-water  plains  of  the  Carolinas,  Georgia, 
and  Florida;  but  in  the  uplands  of  the  Piedmont  region  and  from 
western  Florida  to  southwestern  Louisiana,'  large-flowered,  concolor- 
ous  plants  are  found  that  match  perfectly  a  water-color  of  LeConte  in 
which  the  spread  of  the  corolla  is  1.6  inches.  This  form  Greene  has 
published*  as  V.  ampliata,  V.  redunca  House*^  is  another  form  from 
the  high  mountains  of  South  Carolina  and  Georgia.  In  short,  V,  pedata 
is  one  of  our  most  polymorphic  species.  Additional  names  are  V.  digi- 
tata  Le  Conte,  var.  bicolor  Pursh,  var.  atropurptirea  DC,  V.  flabellifolia 
Lodd.,  var.  flabellata  Don,  var.  inornata  Greene,  var.  concolor  Theo. 
Holm. 


i  Curtis,  Bot.  Maff.  Vol.  3,  t.  89.     1789.     See  line-drawing.     Sp.  No.  1. 
»PitL  3:  33. 

*Stee   Brafnerd*B  Distrib.    of   Violets,    No.    117.     "Openings   in    forest   of   long- 
leaved  pine.  Seale.  La.,  March  27.  1910."     Cf.  Nos.  118  and  119. 
«  Leaflets  1.  2-3.     1908. 
*Torreya  6:  171-2.     Aag.,  1906. 
8««  also  froBtlsplece  folor-plate,  Species  No.  !• 


species  No.  2a— Viola  psliMU  L. 
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Spscles  No.  2b — TloU  palmBta  L. 
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Species  No.  3— Viola  E(rKle»to>iU  Bralnerd 
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Viob  palmate  L.  Sp.  PI.  933.     1753.    Species  No.  2. 

The  oldest  plate  is  No.  477,  fig.  9  of  Plukenet's  Amaltheum,  of  a 
plant  from  Florida.  This  specimen  is  now  in  Herbarium  Sloane, 
London.  Mr.  E.  G.  Baker  reports  in  Journal  of  Botany  for  April, 
1898,  that  it  is  in  part  distinctly  pubescent,  and  is  well  represented  by 
the  fig.  in  Britton's  Illustrated  Flora,  1st  ed.,  2:  446.  1897 — re- 
peated in  2nd  ed.,  fig.  2924,  p.  547.     1913. 

Our  first  line-drawing  represents  a  plant  from  the  most  northerly 
station,  Great  Barrington,  Mass.,  May  21,  1903,  and  our  second,  a 
plant  from  near  Jacksonville,  Fla.,  March  24,  1909.  The  northern 
specimen  is  more  pubescent  in  accordance  with  a  general  law  that  cool, 
moist  conditions  favor  pubescence.  Otherwise  the  two  plants  are 
much  alike,  showing  no  undivided  leaves. 


See  cuts  on  pagres  16  and  17. 

Viola  Esfglestonii  Brainerd,  Bull.  Torr.  CI.  37 :  526-7,  pi.  34,  35,  Nov., 
1910.     Species  No.  3. 

This  species  was  collected  by  Eggleston  in  the  limestone  barrens 
of  West  Nashville,  Tenn.,  May  26,  1909.  Of  the  four  plants  sent  by 
him  two  were  published  as  the  type  and  deposited  in  the  herbarium  of 
the  New  York  Botanical  Garden.  Our  line-drawing  is  from  one  of 
the  other  two  plants.  The  species,  though  markedly  distinct,  is  inter- 
mediate between  V.  palmata  and  V,  Stoneana.  Like  the  latter  its  range 
is  as  yet  quite  restricted.  In  the  National  Museum  is  a  specimen 
collected  by  Mr.  Williamson  near  Nashville,  Tenn.,  July,  1897,  but 
named  by  Pollard  F.  viarum.  A  still  older  specimen  is  in  the  herba- 
rium of  the  MissQuri  Botanical  Garden  collected  May  13,  1881,  by 
Dr.  A.  Gattinger  at  La  Vergne,  Tenn.,  15  miles  southeast  of  Nashville. 
But  it  is  of  more  interest  to  find  at  St.  Louis  a  specimen  from  Bowling 
Green,  Ky.,  by  Miss  Sadie  F.  Price,  April  11,  1899,  labelled,  "F.  falcata 
Greene,"  for  the  species  is  thus  entitled  to  recognition  in  the  Floras  of 
the  Northeastern  United  States. 

Both  flowering  and  fruiting  specimens  are  to  be  seen  in  my  Dis- 
tribution of  Eastern  North  American  Violets,  1910,  Nos.  43  and  44. 
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Species  No.  4— VioU  StaneHiui  House 
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Viola  Stoneana  House,  Bull.  Torr.   CI.  32:  253-4,  pi.   16.     1905. 

Species  No.  4.    / 
Viola  septemloba  Stone,  not  LeConte,  Proc.  Acad.  Nat.  Sci.  Phil.  55, 

p.  678,  pi.  35,  fig.  2,  and  pi.  39,  fig.  3.     1903. 

This  species  is  a  near  ally  of  V.  palmata  but  less  pubescent,  and 
often  bearing  in  early  spring  one  or  more  small  undivided  leaves.  It 
is  of  limited  range — ^moist  woodlands  New  Jersey,  eastern  Pennsylvania 
to  the  vicinity  of  the  District  of  Columbia.  The  line-drawing  is  from 
a  water-color  painted  from  a  herbarium  specimen  transplanted  from 
the  type  station,  Kennett  Square,  Chester  Co.,  Pa.  It  is  Nos.  162 
and  163  of  my  Distribution  of  Eastern  North  American  Violets,  1910. 
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Viola  papilionacea   Pursh,  Fl.  Am.   Sept.    1 :   173.     1814.     Species 

No.  5. 

We  translate  the  Latin  part  of  Pursh's  excellent  description  as 
follows:  Leaves  cordate-deltoid,  acute,  crenate,  somewhat  cucuUate, 
nearly  glabrous ;  peduncles  the  length  of  the  leaves ;  petals  obovate,  the 
three  lower  bearded  below  the  middle,  connivent,  the  two  upper  re- 
flexed — "Near  Philadelphia,  in  wet  places;  flowers  blue,  elegantly 
striated  and  bearded  with  yellow  down."  The  beard,  however,  is  not 
yellow,  but  the  throat  of  the  lower  petal  is  a  greenish  yellow,  and 
against  this  background  the  beard  might  easily  appear  to  be  yellow. 

The  specific  name,  as  Greene  observes,  is  most  appropriate,  as  the 
shape  of  the  flower  resembles  that  of  the  garden  pea  (not  the  Papilio 
or  butterfly  of  the  entomologist),  the  peculiarly  long  and  narrow  keel- 
petal  being  concave  and  boat-shaped.  It  is,  therefore,  strange  that 
the  name  given  by  Pursh  was  for  86  years  rarely  recognized  by  Ameri- 
can botanists  until  Greene  discussed  its  claims  in  1900.^ 

In  1897  the  species  had  appeared  in  Britton*s  Illustrated  Flora  as 
V,  obliqua  Hill.,  a  vague  name  accompanied  by  a  still  vaguer  plate, 
never  quite  understood,  but  applied  by  violet  students,  as  a  convenient 
makeshift,  to  some  dozen  different  species.  Cf.  V,  laetecaerulea 
Greene,  Proc.  Biol.  Soc.,  Wash.,  14,  p.  70.     1901. 

The  plant  is  common  in  moist  fields  and  grows  over  a  wide  tract 
of  the  eastern  United  States — from  Maine  to  Minnesota,  thence  south- 
ward to  Georgia  and  Oklahoma,  and  did  not  wholly  escape  the  notice 
of  botanists.  LeConte  in  his  monograph  of  Viola  in  1826  recognizes 
it,  but  as  a  variety  of  "V.  cucullato."  He  states  that  it  is  abundant 
on  the  island  of  Analostan  in  the  Potomac  River  opposite  Georgetown. 
One  of  his  water-colors  is  unquestionably  the  plant  of  Pursh.  Another 
synonym  is  V.  domestica  Bicknell.^  so  called  because  often  found  about 
dwellings  and,  lastly,  V.  pratincola  Greene'  from  the  prairies  of  the 
Middle  West  appears  not  to  be  specifically  distinct. 


»  Pitt.  4:  140-1.     March,  1900. 

*  Appendix  111.  Fl.  3:  519.     1898. 

•Pitt.  4:  64.     July.  1899. 

See  color-plate,  Sperles  \o.  6,  opposite  paffe  82. 
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Some  account  should  be  given  of  the  beautiful  albino  forms  of 
this  species  that  occur  both  in  the  North  and  the  South. 

1.  A  luxuriant  plant  has  been  cultivated  for  many  years  in  east- 
em  Vermont  whose  history  we  have  learned  through  the  kindness  of 
Mrs.  Laura  D.  Morgan  of  Woodstock.  Miss  Bessie  Hewitt  of  North 
Pomfret,  Vt,  when  a  pupil  at  Mount  Holyoke  Seminary  in  South 
Hadley,  Mass.,  was  the  first  collector  of  this  albino.  Miss  Shattuck, 
the  Professor  of  Botany,  determined  it  to  be  a  variety  of  "V.  cucullata" 
Gray  Man.,  edition  5  (now  considered  V.  papilionacea).  The  living 
plant  was  widely  distributed  and  often  used  for  house  decoration.  In 
1909,  Mr.  Walter  Deane  of  Cambridge,  Mass.,  sent  the  very  same  al- 
bino from  the  garden  of  Mr.  Brewster.  It  is  notable  for  its  complete 
lack  of  violet  pigment  in  corolla,  capsule  and  seed. 

2.  Similar  albinos  have  been  received  from  meadows  of  the 
Connecticut  River  at  Glastonbury,  Conn.,  growing  with  the  purple- 
flowered  form ;  and  also  from  New  London,  Conn. 

3.  Most  interesting  of  all  is  an  albino  from  Bowling  Green,  Ky., 
V,  Priceana  Pollard.  On  April  1,  1910,  the  writer  found  it  growing 
in  the  streets  of  Mena,  Ark.,  where  it  was  known  as  the  "Confederate 
violet" — the  gray  petals  with  purple  center  suggesting  the  color  of  the 
Confederate  uniform.  It  is  a  fine  garden  plant,  hardy  at  the  North 
and  still  flourishing  in  the  writer's  garden. 

Our  color-plate  of  typical  V.  papilionacea  is  based  on  specimens 
sent  by  Greene  in  1902  from  Washington.  D.  C,  Nos.  103-108,  Dis- 
tribution of  1910. 
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Species  No.  6— Viola  excnleiila  Ell. 
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Viola  esculenU  Ell.,  Bot.  S.  C.  &  Ga.,  1 :  300.     1816.    Greene,  Pitt. 
3:  314.     May,  1898.    Species  No  6. 

The  type  of  Elliott's  species  I  have  examined  in  the  Elliott  herba- 
rium now  in  the  Charleston  Museum.  The  ticket  is  ambiguq^sly 
labelled  '*Viola  esculenta  mihi :"  and  underneath  "Heterophylla  Muhl." 
But  when  published  as  above  Elliott  wrote,  "from  the  circumstance  of 
its  being  eaten  by  negroes  I  had  called  it  V,  esculenta;  it  is,  however, 
the  V.  heterophylla  of  Muhlenberg."  This  later  name  was  adopted  by 
LeConte,  but  his  water-color,  which  I  have  seen,  is  unmistakably  what 
is  now  considered  V,  esculenta  Ell.  Moreover,  V,  heterophylla  is  in- 
validated by  two  earlier  uses  of  the  name. 

But  whatever  be  the  fate  of  the  name,  the  epithet  "heterophyllous" 
is  quite  applicable  to  the  species,  its  leaves  being  sometimes  pedately 
lobed,  cleft  or  divided,  and  sometimes  merely  dentate. 

The  species  is  found  in  river-swamps  and  on  wet  borders  of  slow 
streams  in  the  coastal  plain  from  South  Carolina  to  Florida,  Mobile, 
Ala.,  Mississippi  City,  Miss.,  seen  in  National  Herbarium,  coll.  Mohr. 
It  is  represented  in  my  Distribution  of  Eastern  North  American  Violets, 
1910,  by  Nos.  49,  50  and  51. 

The  line-drawing  is  of  a  herbarium  specimen  from  Jacksonville, 
Fla.,  Brainerd,  coll.,  March  21,  1909. 


Species  No.  7— Viola  latlnsculn  Greene 
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Viola  latiascala  Greene,  Pitt.  5 :  93.     Nov.,  1902.     Species  No.  7. 

The  type  was  collected  by  Eggleston  in  open,  shady,  well-drained 
soil  on  the  lower  slopes  of  Twin  Mountains,  West  Rutland,  Vt.,  May 
24,  and  July  15,  1902.  At  the  close  of  1903  it  had  been  found  in 
several  other  stations  in  western  New  England  and  adjacent  New  York. 
In  1910  specimens  were  sent  in  from  western  New  York  and  northern 
Pennsylvania.  It  is  Nos.  75  and  76  of  my  Distribution  of  1910.  The 
h"ne-drawing  was  made  from  a  water-color  painted  May  15,  1915,  of  a 
herbarium  specimen  from  the  type  station.  Greene's  specific  name  was 
suggested  by  its  broad,  uncut  foliage. 
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Species  No.  S — Viola  roBUefi  Bralnerd 


Violets  of  North  America  ,29 


Vi<^  roMcea  Brainerd,  Bull.  Torr.  CI.  37 :  525.    Nov.,  1910.     Spe- 
cies No.  8. 

This  species  has  uncut,  broadly  cordate  leaves,  sparsely  hirtellous 
above ;  corolla  rose-purple  about  2  cm.  broad,  auricles  of  the  three  outer 
sepals  short  and  rounded ;  seeds  buff.  Specimens  have  been  collected 
only  at  Point  Saint  Martin  near  Biloxi  on  the  coast  of  southern  Mis- 
sissippi and  at  Crowley,  La.,  and  adjacent  townships,  but  may  be  looked 
for  at  intermediate  points.  Its  habitat  is  dry,  open  woodland  above  the 
bayous. 

The  line-drawing  is  based  on  a  herbarium  specimen  from  Crowley, 
La.,  Brainerd,  coll.,  March  25,  1910.  Specimens  from  this  station  may 
be  seen  in  my  Distribution  of  Eastern  North  American  Violets,  1910, 
No.  134;  and  from  Biloxi,  Miss.,  Nos.  132  and  133. 
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Species  No.  9 — Viola  misHoorlenitlH  Greene 
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^ola  missouriensis  Greene,  Pitt.  4:   141.     March,   1900.     Species 
No.  9. 

Greene's  description  is  detailed  and  indicates  the  affinity  of  the 
species  with  V,  papilionacea  and  V.  latiuscula,  but  differing  in  having 
seeds  buff  instead  of  brown  and  in  having  secondary  leaves  with  more 
or  less  concave  margins.  The  species  is  abundant  from  central  Illinois 
southwest  through  eastern  Missouri,  southeastern  Kansas,  along  the 
boundary  between  Oklahoma  and  Arkansas,  and  into  Texas  at  least  as 
far  south  as  New  Braunfels,  Comal  County. 

The  line-drawing  is  based  on  a  water-color  painted  May,  1915, 
from  a  plant  received  from  B.  F.  Bush,  Courtney,  Mo.,  and  grown  at 
Middlebury,  Vt.  Specimens  collected  on  flood  plains  of  Arkansas 
River  near  Muskogee,  Okla..  March  31,  1908,  and  on  flat  land  along 
Flower  Creek  near  Fort  Gibson  may  be  seen  in  my  Distribution  of 
F!astem  North  American  Violets,  1910,  Nos.  81  and  82. 
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Viola  floridana  Brainerd,  Bull.  Torr.  CI.  37 :  524.    Nov.,  1910.    Spe- 
cies No.  10. 

The  species  was  first  collected  March  13,  1907,  near  Jacksonville, 
Fla.,  on  an  embankment  for  a  street  railway  across  a  little  marsh  near 
Woodlawn  Cemetery.  In  March  and  April,  1909,  the  plant  was  col- 
lected at  several  other  stations  near  Jacksonville,  and  at  widely  sepa- 
rated stations  in  Volusia  County — near  the  famous  DeLeon  Spring, 
on  the  shores  of  Lake  Beresford,  on  the  edge  of  a  tilled  field  near  Lake 
Munroc  and  in  moist  woodland  near  Deep  Creek.  In  flower  and  fruit 
it  resembles  V,  esculenta,  but  its  constantly  uncut  leaves  on  erect 
petioles  and  its  habitat  in  well-drained  soil  mark  it  as  distinct. 

A  beautiful  specimen,  collected  at  Beaufort,  S.  C,  April  8,  1916, 
by  Mr.  Charles  F.  Batchelder  of  Cambridge,  Mass.,  was  sent  the  writer, 
and  at  once  while  the  flowers  were  still  fresh  was  painted  by  Mathews, 
as  shown  in  our  color-plate.  A  mature  capsule  has  been  added  from 
a  Florida  plant.    Nos.  60  and  61,  Distribution  of  1910. 


8ee  eolor-plate,  Species  No.  16,  opposite  this  pave. 


Species  No.  5 — TloU  pspilloniicea  Pursb 


Species  No.  10 — VlolB  florldana  Bralnerd 


Species  No.  14 — TloU  klrsntals  Bralnerd 


Species  No.  16 — VloU  Heptentrlonslls  Greene 
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3pecles  No.  11a— Viola  LovellUna  Braln«rd 


Species  No.  llb^Vlola  LoTelllana  Braiaerd 
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LoTelliaiia  Brainerd,   Bull.  Torr.   CI.   37;   526.    Oct.,   1910. 
Species  No.  11. 

Live  plants  of  this,  as  an  unknown  species,  were  sent  me  in  March, 
1906,  by  Mrs.  Phoebe  Lovell  from  Crowley,  La.,  from  which  late  sum- 
mer specimens  were  obtained  the  following  August  and  petaliferous 
flowers  in  the  spring  of  1907.  In  March,  1908,  I  visited  the  station, 
a  recent  pine-chopping  on  loamy  clay.  As  I  journeyed  northward  I 
collected  it  in  open  woodlands  near  Muskogee,  and  at  Stigler  and 
Eufaula,  Okla.  In  March,  1910,  I  obtained  fine  specimens  at  Mans- 
field, La.,  and  at  Mena,  Ark. 

The  type,  in  the  Bronx  Park  Herbarium  is  from  Crowley,  La., 
March  25,  1910,  and  is  from  a  large  collection  sent  out  that  year  as 
No.  77  of  my  Distribution  of  Eastern  North  American  Violets.  Nos. 
79  and  80  are  of  specimens  respectively  from  Mansfield,  La.,  and  Mus- 
kogee, Okla.  No.  78  is  of  seedling  plants  grown  at  Middlebury,  Vt., 
in  1909. 

The  two  line-drawings  are  of  herbarium  specimens,  one  in  flower 
and  one  in  fruit,  both  from  Crowley,  La.,  Brainerd,  coll.,  March,  1908. 

This  violet  is  most  nearly  allied  to  V ,  triloba,  both  species  having 
some  leaves  pedately  cut  and  others  only  dentate. 
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Spacies  No.  12a— Tloli  trilstw  Schweln. 
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Viola  triloba  Schwein.,  Am.  Jour.  Sci.  5 :  57.    April,  1822.    Species 
No.  12,  a. 

The  most  northern  known  station  is  Orwell,  Vt.  Material  from 
this  station  is  to  be  seen  in  Nos.  166,  167  and  168  of  my  Distribution, 
1910.  From  Vermont  the  species  ranges  southward  along  the  Appala- 
chian Mountains  to  Georgia  and  central  Alabama,  and  east  to  the 
coast  as  far  south  as  Florida. 

In  the  publication  above  cited  Schweinitz  remarks:  "With  some 
diffidence  I  venture  to  propose  this  new  species."  This  was  apparently 
due  to  his  having  rarely  observed  it — "twice  or  thrice,"  he  says,  "in 
diflferent  years."  LeConte,  however,  had  clearly  made  out  its  specific 
distinctness  from  both  V,  palmata  and  V,  sororia,  and  in  his  monograph 
of  Viola,  October,  1826,  published  it  as  V.  congener,  adding  "to  this  I 
cannot  avoid  referring  V,  triloba  of  Schweinitz."  But  if  the  two  names 
belong  to  the  same  species,  the  law  of  priority  requires. us  to  adopt 
the  name  proposed  by  Schweinitz. 
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Species  No.  12b— Vlolft  trIlobH  Schwein.  var.  dllaUU  (Bll.)  Bralnerd 
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Viola  triloba  Schwein.  var.  dilatata  (Ell.)  Brainerd,  Bull.  Torr.  CI. 

37:  586-8,  pi.  36.    Dec,  1910.    Species  No.  12,  b. 
V.  palmata  var.  dilatata  Ell.     1817. 
V,  falcata  Greene,  Pitt.  4:  3.    Jan.,  1899. 

Little  needs  to  be  added  to  the  detailed  discussion  in  Bull.  Torr. 
CI.  of  this  well  marked  and  widely  distributed  variety  of  F.  triloba. 

Specimens  of  the  plant  may  be  found  in  four  numbers  of  my  Dis- 
tribution of  Eastern  North  American  Violets,  1910,  viz. : 

No.  169,  Crowley,  La.,  March  23.  1910; 

No.  170,  Mansfield,  La.,  March  28,  1910; 

No.  171.  Mena,  Ark.,  March  31,  1910; 

No.  172,  Westville,  Okla.,  April  7,  1910. 

The  line-drawing  was  based  on  a  specimen  in  my  Distribution  of 
1910,  No.  171,  above  cited;  but  specimens  at  petaliferous  flowering  are 
often  quite  pubescent,  and  have  more  narrowly  lobed  leaves. 
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Species  No.  13— Tlola  sororia  Wllld. 
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sororia  Willd.,  Enum.  263,  pi.  72.     1809.     Species  No.  13.  - 

Our  line-drawing  is  a  copy  of  plate  72,  which  well  presents  the 
characters  of  the  species  in  respect  to  pubescence,  shape  and  serration 
of  leaf.  It  is  strange  that  for  79  years,  from  1818  to  1897,  the  plant 
was  not  known  by  its  correct  name.  It  is  a  species  of  wide  distribu- 
tion, occurring  in  moist  meadows,  shady  ledges  and  dooryards  from 
western  Quebec  and  New  England  to  Minnesota  and  south  to  North 
Carolina  and  Oklahoma.    See  Nos.  158-161,  Distribution  of  1910. 

The  confusion  caused  by  Nuttall  in  his  Genera  of  North  American 
Plants  in  1818,  who  supposed  V.  sororia  to  be  a  plant  with  leaves 
pubescent  only  above,  described  in  Rhod.  9 :  98,  June,  1907,  as  V.  hirsu- 
titla,  is  discussed  under  that  species,  No.  14.  We  may,  however, 
call  attention  to  three  synonyms  published  by  Greene  : 

1.  F.  cuspidata  Greene,  Pitt.  3:  314.     May,  1898.     The  material 

for  this  species  was  from  Rock  County,  Wis.  The  de- 
scription points  plainly  to  V.  sororia  Willd. 

2.  V.  Dicksonii  Greene,  Pitt.  4:  65.     July,  1899.     "A  common 

Canadian  Violet,"  further  discussed  in  Pitt.  5:  63,  Nov., 
1902,  as  having  baccate  fruit,  citing  specimens  from  Ver- 
mont and  elsewhere. 

3.  V.  nodosa  Greene,  Pitt.  4:  296.      Sept.,  1901.     From  near 

Syracuse,  N.  Y.,  from  H.  D.  House  "related  to  such  species 
as  V.  cuspidata  and  V.  Dicksonii." 
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Viola  hirsutttla  Brainerd,  Rhod.  9:  98.     1907.     Species  No.  14. 

This  species  is  readily  distinguished  from  all  other  stemless  violets 
by  having  leaves  pubescent  above  but  glabrous  beneath.  It  is  common 
from  Bridgeport,  Conn.,  southwest  to  Washington,  western  North 
Carolina,  Augusta,  Ga.,  and  to  Auburn,  Lee  Co.,  Ala.  See  Nos.  64  and 
65,  Distribution  of  1910.  For  many  years  it  passed  as  V,  villosa 
Walter  or  as  V.  sororia  Willd.,  owing  to  errors  made  by  Nuttall  in  his 
Genera  of  North  American  Plants,  1 :  148.     1818. 

1.  He  supposed  the  plant  with  leaves  pubescent  only  above  to  be 
V,  villosa  Walter  (1788). 

2.  He  held  V.  sororia  Willd.  (1809)  to  be  only  a  later  name  for 
this  hirsutulous  pseudo-villosa. 

He  thus  virtually  combined  V.  hirsutula,  V,  sororia  and  V.  vil- 
losa into  one  and  the  same  species. 

Against  the  former  error  LeConte  in  1826  vigorously  and  justly 
protested:  "When  V.  villosa  is  misunderstood  it  is  simply  by  those 
who  have  never  seen  it."  His  water-color,  labelled  V,  villosa  Walt., 
correctly  represents  that  species.  But  this  misconception  of  V.  villosa 
as  an  hirsutulous  plant  long  survived.  In  1898,  Greene  wrote,  "the 
accepted  V,  villosa  is  not  villous.  It  is  rather  stiffly  hirsutulous" ;  and 
14  months  later  he  gave  a  new  name  (V.  Carolina)  to  the  genuine 
V,  villosa  of  Walter. 

LeConte,  however,  in  1826,  adopted  Nuttall's  second  error  and 
held  Willdenow's  V.  sororia  to  be  the  plant  with  hirsutulous  leaves,  as 
is  positively  proved  by  his  water-color  labelled  "V.  sororia.*'  This 
error  continued  in  American  botany  nearly  as  long  as  did  the  other, 
and  in  fact  led  to  the  disuse  of  the  specific  name  "sororia'*  for  79  years. 

This  confusion  was  probably  due  in  part  to  a  palpable  blunder 
in  Willdenow's  description,  in  that  he  called  the  spurred  petal  bearded 
and  the  two  lateral  petals  smooth.  I  say  "palpable"  blunder,  for  there 
is  not  a  known  violet  in  North  America  that  bears  such  a  flower. 
Willdenow's  plate.  No.  72^  was  of  a  plant  grown  indoors  in  a  pot. 


I  3ee  line  drawing  13. 
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When  grown  in  the  open  he  says  the  petioles  are  a  little  shorter  and 
the  petals  broader.  He  named  it  ''sororia" — ^the  sister  violet — because 
of  a  fancied  resemblance  to  the  sweet  violet,  adding  at  the  close  of  his 
formal  description  "stamens  and  remaining  parts  as  in  V,  odorata," 

Britton  was  the  first  to  arrive  at  a  correct  conception  of  Willde- 
now's  V.  sororia,  apparently  from  a  careful  study  of  that  author's 
plate  72/  to  which  Britton's  fig.  2489  ^  bears  a  close  resemblance.  But 
he  seems  to  have  been  still  uncertain  regarding  Walter's  V.  villosa. 
His  fig.  2488,  just  preceding  that  of  V.  sororia,  and  his  description  are 
manifestly  of  the  hirsutulous  plant.  Moreover,  Pollard,  in  the  Britton 
Man.,  1901,  and  in  Small's  Southern  Flora,  1903,  presents  the  same 
misconception  of  F.  villosa  Walt.  The  following  summary  of  the 
synonymy  will  help  to  clear  up  this  confusion : 
V.  TiUasa  Walt.,  Fl.  Carol.,  p.  219.     1788. 

y.  sororia  Nutt.,  not  Willd.     1818. 
V.  hirsotula  Brainerd,  Rhod.  9 :  98.     1907. 

y.  villosa  Nutt,  not  Walter.     1818. 

The  most  serious  phase  of  this  misconception  remains  to  be  pre- 
sented. In  1901,  seven  years  before  the  publication  of  V,  hirsutula, 
Wilhelm  Becker,  a  violet  specialist  of  Germany,  author  of  "Violae 
Europaeae"  made  a  distribution  of  Violac  exsiccatae.  On  a  printed 
ticket  his  No.  36  purports  to  be 

Viola  villosa  Walter,  Fl.  Carol.,  p.  219. 

Pittonia,  Vol.  3,  p.  144. 

Flora   Americ.   boreal:   Marilandia;   copiose   ad    "Forest   Glenn"   in 

coUibus  arenosis  fl.     May  7,  fr.  June  21,  1900. 

leg.  Th.  Holm. 


>See  line-drawing:  IS. 

'  HL  Fl.  2 :  448,  Ist  ed.     1897. 
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Forest  Glen  is  just  north  of  Washington.  The  nearest  known 
station  for  V.  villosa  Walter  is  Williamsburg,  James  City  Co.,  Va., 
90  miles  farther  south,  and  the  specimens,  a  sheet  of  which  is  before 
me,  are  Viola  hirsutula  Brainerd. 

It  is  surely  distressing  to  learn  that  now  for  20  years  V.  hirsutula 
has  appeared  in  European  herbaria  as  the  V.  mllosa  of  Thomas  Walter 
— ^the  gifted  English  botanist,  who  before  the  American  Revolution 
settled  in  South  Carolina,  studied  and  cultivated  most  of  the  thousand 
plants  published  in  his  Flora  Caroliniana  (1788),  and,  when  he  died  a 
few  weeks  later  at  the  early  age  of  48,  desired  to  be  buried- in  his 
garden  among  the  plants  that  he  so  fondly  loved.^ 


1  See  "A  Visit  to  the  Grave  of  Thomas  Walter."     Bull.  Charleston  Museum  3, 
No.  4.     April,  1907;  and  Rhodora  9:  96-8.     June.   1907. 
See  celor-plate,  Speeles  Ko.  14,  4)ppo8lte  pa^e  SS. 


septentrionalis  Greene,  Pitt.  3:  334.    SepJ.,   1898.    Species 
No.  15. 

In  January,  1896,  Greene  left  the  University  of  California  to  take 
the  chair  of  Botany  in  the  Catholic  University  at  Washington.  He 
found  the  region  classic  ground  for  violets,  where  the  older  American 
authorities — Pursh,  Nuttall,  Schweinitz  and  LeConte — had  studied  the 
genus.  But  there  were  two  northern  species  which  it  was  Greene's 
privilege  to  recognize  and  describe. 

The  type  of  V.  septentrionalis  was  collected  in  rich  soil  along  the 
border  of  thickets  near  Ottawa,  Ont.,  by  J.  M.  Macoun  in  1898.  A 
character  by  which  the  species  may  be  readily  distinguished  is  the  fine 
and  close  ciliation  of  the  sepals  extending  from  the  lengthened  auricles 
to  the  very  tip  of  the  sepal.  See  Nos.  154,  155  and  156,  Distribution 
of  1910. 
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In  the  Champlain  Valley  and  in  the  Berkshire  Hills  of  Massachu- 
setts the  species  abounds  on  gravelly  soil  in  partial  shade;  especially 
in  open  groves  of  arbor-vitae  on  ledges.  It  is  not  rare  in  the  Penobscot 
Valley  and  along  the  coast  of  Maine.  The  general  range  of  the  species 
is  from  Newfoundland,  Sable  Island  and  Prince  Edward  Island,  west 
to  Ottawa  and  south  through  New  England  to  Connecticut  and  northern 
Pennsylvania.  It  has  also  been  found  at  two  stations  20  miles  apart 
on  the  south  line  of  British  Columbia*  and  may  be  looked  for  at  in- 
termediate points.  The  following  four  species  proposed  by  Greene 
we  regard  as  synonyms  oi  V.  septentrionalis: 

1.     V.  Macounii,  Pitt.  3 :  335.     Sept.,  1898. 

2:     V.  subviscosa,  Pitt.  4.  293,  Aylmer,  Que.     Sept.,  1901. 

3.  V.  Fletcheri,  Pitt.  4:  296,  Ottawa,  Que.     Sept.,  1901. 

4.  V,  nesiotica,  Pitt.  5 :  102,  Prince  Edward  Island.     Nov.,  1902. 
Following  the  last  named  species  is  V,  melissaefolia  Greene  from 

Prince  Edward  Island  that  proved  later  to  be  V.  cucullata  X  septen- 
trionalis, a  violet  of  remarkable  beauty.*  On  the  same  page  he  reports 
having  received  an  aestival  specimen  of  V,  Dicksondi  that  bears  an 
underground  fruit  like  a  berry — "globose,  as  large  as  an  ordinary 
wild  gooseberry,  absolutely  indehiscent."  This  was  later  discovered  to 
be  a  malformation  caused  by  the  sting  of  a  gall-fly. 


iRhodora  17:  70.     March,  1918. 

'Rbodora  6:  220.     Nov.,  1904. 

See  eolor-plttle.  Species  No.  1&,  opposite  pare  St. 
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Species  No.  IG — Tlota  novae-nn^llae  House 


Viola  nov«e>uigUae  House.  Rliod.  6:  226,  pi.  59.     Nov.,  1904.     Spe- 
cies No.  l€k 

The  type  of  V.  novac-artgtiac  was  collected  by  Fernald  (No.  2245) 
at  Fort  Kent,  Aroostook  Co.,  Me.,  June  15,  1898.  Three  days  later 
he  collected  another  specimen  at  Saint  Francis  {No.  2244).  Both 
collections  were  from  the  headwaters  of  tlic  Saint  John,  on  the  north- 
ern boundary  of  Maine.  Pollard,  determined  these  specimens  as  V. 
emarginala,  the  most  northern  station  for  which  is  southern  New  York. 
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III  February,  1904,  Fernald  on  sending  me  duplicates  wrote:  **1  can 
not  believe  that  the  little  plant  of  Fort  Kent  and  Saint  Francis  has 
much  to  do  with  the  southern  species.  I  have  always  been  confident 
that  it  represented  a  thoroughly  distinct  species.  I  shall  be  glad  to 
have  you  describe  the  plant  if  you,  too,  feel  that  it  is  quite  distinct." 
To  secure  mature  specimens  he  went  to  the  trouble  and  expense  of  a 
journey  to  Saint  Francis,  July  7,  1904,  and  had  the  live  plant  repro- 
duced in  a  water-color,  exhibiting  the  capsules  of  both  petaliferous 
and  cleistogamous  flowers. 

But  while  this  investigation  was  in  progress  House  described 
and  figured  the  species  from  the  flowering  specimen  sent  Pollard,  citing 
in  addition  to  the  two  specimens  from  northern  Maine,  supposed  speci- 
mens from  three  other  stations:  (1)  A  plant  from  Orono,  Me.,  oddly 
enough  described  and  figured  in  the  same  number  of  Rhodora^  as  F. 
fimbriatuia  X  septentrionalis.  (2)  Another  hybrid,  V.  cuctdlata  X 
fimbriatula^  from  Bridgeport,  Conn.,  500  miles  southwest  of  northern 
Maine.  (3)  Seedlings  of  V.  fimbriatuia  from  the  Blue  Hills  reserva- 
tion near  Boston,  Mass. 

It  is  interesting  to  note  what  subsequent  collections  have  revealed 
regarding  the  range  of  this  near  ally  of  V.  septentrionalis,  the  "north- 
ern violet."  In  1904  I  received  from  Dr.  Fletcher  of  Ottawa,  five 
plants  collected  at  Maple  Lake  near  Parry  Sound,  Ont.,  about  lat.  45° 
20'.  In  June,  1909,  Dr.  H.  V.  Ogden  of  Milwaukee,  Wis.,  sent  live 
plants  from  Mercer,'  Wis.,  lat.  46°  15'  and  the  year  following  other 
plants  from  Wild  Rose  and  Saxeville,  Wis.,  250  miles  farther  south. 
Fernald  received  a  specimen  from  Isle  Royal  in  Lake  Superior,  Cooper 
Coll.,  Aug.  18.  1910,  lat.  47°. 

To  the  east  of  the  type  station  I  have  received  specimens  from 
Saint  George.  Charlotte  Co.,  N.  B.,  lat.  45°  lO',  J.  Vroom  coll.,  July 
and  August,  1883,  the  earliest  known  collection.  And  lastly,  it  was 
found  in  lat.  44°  50'  on  the  rocky  banks  of  the  Penobscot,  Veazie,  Me., 
by  O.  W.  Knight,  June,  1905.     See  Rhod.  15:  113.     June,  1913. 

Our  line-drawing  is  based  on  specimens  transplanted  from  Wis- 
consin and  grown  in  Middlebury,  Vt. 


^  Rhod.   6 :  215.  pi.  58.  flf?.  a.     Nov..  1904. 

>  Rhod.  6  :  217-8  and  7 :  3. 

'From  seeds  of  this  many  plants  were  raised  in  1910.  Specimens  collected 
May  15  and  Ausrust  26,  were  distributed  as  No.  89  in  my  Distribution  of  Eastern 
North  American  Violets,  1910. 


Species  No.  IT— TIoU  mtBais  LeConta 
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Viola  aflfinU  LeConte,  Ann.  N.  Y.  Lye.  2:  138.     1826.     Species  No. 

17. 
K.  vcnustula  Greene,  Pitt.  3 :  335.     Sept.,  1898. 
V.  crenulata  Greene,  Pitt.  4:  295.     Sept.,  1901. 

This  species  was  named  "affinis"  because  LeConte  considered  it  of 
near  affinity  to  V.  cucullata.  "I  can  find,"  he  says,  "no  distinctive  char- 
acters except  the  shorter  peduncle  and  the  broader  sepals."  But  his  *^ 
description  and  his  water-color,  which  was  once  shown  me  by  Greene, 
prove  that  LeConte's  species  has  been  correctly  understood.  In  Pitt. 
3:  337,  Sept.,  1898,  Greene  so  determines  a  specimen  collected  by 
James  Macoun  at  Billings'  Bridge,  Ont..  But  on  the  previous  page  of 
this  same  paper  Greene  published  his  V,  vcnustula,  found  in  a  wet 
meadow  near  Rideau  Hall,  Ottawa,  Ont.,  by  Macoun,  May  23,  1898. 
I  visited  this  station  with  Fletcher,  September  3,  1904,  and  was  con- 
vinced that  the  plant  "V.  affinis/'  common  in  the  District  of  Columbia, 
was  identical  not  only  with  the  plant  of  Billings'  Bridge,  but  also  with 
the  v.  venustula  of  Rideau  Hall,  and  with  plants  of  frequent  occur- 
rence in  western  Vermont. 

In  December,  1902,  I  sent  specimens  from  Middlebury,  Vt.,  to 
Greene  as  his  V,  venustula  and  with  some  hesitance  he  consented  that 
Pollard  should  distribute  them  under  that  name. 

The  habitat  of  V.  affinis,  as  now  understood,  is  moist  meadows, 
low  woods  and  shady  borders  of  streams,  and  its  range  is  from  west- 
em  New  England  west  to  Wisconsin  and  south  to  Georgia  and  Ala- 
bama. It  is  represented  by  Nos.  1  to  6  in  my  Distribution  of  East- 
ern North  American  Violets,  1910. 

The  h'ne-drawing  is  based  on  herbarium  specimens  from  western 
Vermont. 
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Species  No.  IS— Viola  Lan^tlolsll  Greene 


Violets  of  North  America  51 


Viola  Langloisii  Greene,  Pitt.  3:  87.    June,  1896.     Species  No.  18. 

This  species  is  closely  related  to  V,  affinis  LeConte.  A  good  mark 
of  distinction  is  found  in  the  lengthened  auricles  of  the  sepals  in  V. 
Langloisii  and  in  that  it  often  exhibits  a  form  with  3-5  pedately  lobed 
leaves.  Its  habitat  is  wet,  often  flooded,  borders  of  bayous,  its  range 
from  Manatee,  Fla.,  to  San  Antonio,  Tex.  The  type  was  collected 
at  Pointe  Ci  la  Hache,  near  the  mouth  of  the  Mississippi  River,  as  I 
learn  from  a  sheet  of  the  original  material  kindly  presented  me  by 
Greene. 

The  line-drawing  is  of  a  herbarium  specimen  from  Crowley,  La,, 
Brainerd,  coll.,  March  19,  1908.  The  species  is  to  be  seen  in  Nos. 
72,  7i  and  74  of  my  Distribution  of  Eastern  North  American  Violets, 
1910. 
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Species  No.  19— TIoU  phKlcoftpemiA  Bralnerd 
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Viola  cfaalcospenna  Brainerd,  Bull.  Torr.  CI.  37 :  523-4.    Nov.,  1910. 
Species  No.  19. 

This  species  has  been  found  as  yet  in  only  one  station — s,  wet, 
wooded  ravine  in  Jacksonville,  Fla.  An  expert  collector  will  doubtless 
find  it  in  similar  places  in  northeastern  Florida.  The  species  is  well 
marked  by  its  seeds,  which  have  the  color  of  old  bronze,  a  character 
which  suggested  the  name  of  the  species.  The  leaves  in  early  spring 
when  the  petaliferous  flowers  appear  are  cordate  and  3-lobed,  the 
middle  lobe  ovate  and  acute,  the  lateral  lobes  more  or  less  incised, 
the  later  leaves  broadly  deltoid,  twice  as  long  and  but  slightly  lobed,  at 
least  when  grown  in  the  North ;  the  petals  are  lilac-purple,  the  cleistog- 
amous  flowers  sagittate;  the  sepals  5  mm.  long,  the  auricles  3-4  mm. 
long. 

My  first  acquaintance  with  the  species  was  in  the  summer  of  1907, 
when  Miss  A.  M.  Ryon  of  New  London,  Conn.,  sent  me  live  plants 
collected  the  preceding  March  at  Jacksonville  by  Mrs.  E.  K.  Comstock. 
Guided  by  Mrs.  Comstock's  precise  directions  I  readily  found  the  sta- 
tion on  a  trip  to  Florida  in  March,  1909. 

Specimens  appear  in  Nos.  25  and  26  of  my  Distribution,  1910. 

The  line-drawing  is  of  a  herbarium  specimen  from  Jacksonville, 
Fla.,  Brainerd,  coll.,  March  21,  1909. 
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Viola  ne|Ar<^yUa  Greene,  Pitt.  3 :  144-5.     1896.     Species  No.  20. 

• 

The  type  of  this  species  was  collected  by  Greene  "in  dry  thickets 
in  the  valley  of  the  Cimarron  River,  western  Colorado,  August  29, 
1896."  The  mounted  sheet  consists  of  14  plants  bearing  numerous 
cleistogamous  capsules  in  various  stages  of  development,  and  occa- 
sional reduced  petaliferous  flowers  on  pedicles  2-4  cm.  long,  such  as  in 
early  autumn  are  not  rarely  found  in  this  and  other  species  of  Viola, 
For  several  years  afterward  the  plant  was  often  collected,  but  vaguely 
understood.  Greene  in  1899  examined  a  specimen  from  Hull,  Que., 
collected  by  Macoun,  but  failing  to  identify  it  with  the  defective  Colo- 
rado  type  he  gave  it  another  name  V,  vagula}  Unlike  the  Colorado 
specimen  this  was  in  full  bloom  and  described  in  detail  so  exactly 
that  I  thought  it  to  be  probably  what  Femald  was  finding  in  Quebec 
and  Maine,  and  others  at  four  different  stations  in  Vermont.  To 
remove  all  doubt  I  visited  Ottawa,  September,  1904,  and  found  V. 
vagula  to  be  identical  with  the  plants  from  Maine  and  Vermont,  and 
with  the  type  of  V,  nephrophylla  which  Greene  had  kindly  sent  me 
for  examination. 

Probably  no  North  America  violet  has  a  wider  range — from  New- 
foundland and  Gaspe  County,  Que.,  south  to  Litchfield,  Conn.,  and 
west  along  the  Great  Lakes  and  the  Canadian  border  to  eastern  Wash- 
ington; detouring  southward  along  the  Rocky  Mountains  to  Colorado 
and  Utah,  and  from  the  eastern  slopes  of  the  Cascade  Mountains  to 
the  northwest  border  of  California.  Eggleston  collected  it  also  in  two 
counties  of  Arizona,  Cochise  and  Coconino,  and  in  the  mountains  of 
New  Mexico  south  to  the  middle  fork  of  Gila  River,  Grant  County. 


»  Pitt.  4  :  67.     July  7»  1899. 

See  color-plate,  .Spefles  No.  SO,  opposite  page  64. 
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Our  color-plate  is  based  upon  a  plant  from  the  most  southerly 
known  station  in  California.  It  was  collected  by  Mrs.  Viola  Brainerd 
Baird  on  July  12,  1915,  at  Lake  Donner — a  name  commemorating  the 
tragic  fate  of  a  large  family  of  immigrants,  who  in  1849  were  belated 
and  perished  here  in  the  winter  snows,  often  from  15  to  20  feet  deep 
in  the  passes  of  the  Sierra  Nevada.  The  lake  may  be  seen  from  the 
railway  train  as  one  is  descending  the  eastern  slope  of  the  mountain. 
See  specimens  Nos.  81-86  of  my  Distribution,  1910. 

The  synonymy  may  be  summed  up  as  follows : 
V.  neiihr<^ylla  Greene,  Pitt.  3 :  144-5.    Dec.  16,  1896.     S.  W.  Colo- 
rado. 
V.  cognata  Greene,  Pitt.  3:  145.     Dec.  16,  1896.     S.  Wyoming. 
V,  vagula  Greene,  Pitt.  4:  67.    July  7,  1899.     Hull,  Que.,  opposite 

Ottawa. 
V.  Austinac,  Greene,  Pitt.  5 :  30.     Sept.  9,  1902.     Plumas  County  Cal. 

and  Lassen  County,  Cal.     Mrs.  Austin,  M.  S.  Baker. 
V,  galacifolia  Greene,  Pitt.  5:  30.     Sept.  9,  1902.     Eastern  Oregon. 

Cusick,  May  30,  1898. 
V.  subjuncta  Greene,  Pitt.  5:  31.     Sept.  9,  1902.     Whitman  County, 

Wash.    C.  V.  Piper,  1898. 
y.  ariconica  Greene,  Pitt.  5:  33.     Sept.  18,  1902.     Post  Spring,  Fort 

Verde,  Ariz.     Dr.  E.  A.  Mearns,  April,  1888. 
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Species  No.  21— Tiola  cucnlUta  Alt. 
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Viola  cucullata  Ait.,  Hort.  Kew.  3 :  288.     1789.    Species  No.  21. 

The  nomenclature  of  this  species  was  much  confused  for  about 
a  century.  There  is  hardly  any  decisive  character  in  Alton's  Latin 
diagnosis  except  that  the  lateral  petals  are  longer  than  the  spurred 
petal.  Schweinitz  in  1822^  gives  a  detailed  and  exact  account  of  the 
species,  but  unfortunately  under  the  name  V.  obliqua  Ait.  LeConte  in 
1826^  correctly  described  and  figured  it,  but  included  under  it  as  varie- 
ties V.  papilionacea  Pursh,  and  V.  sororia  Willd.  I  have  before  me 
tracings  of  his  water-colors  of  these  three  species.  In  Gray's  last 
publication  on  Viola^  he  says,  "V,  cucullata  Ait.  ought  to  have  been 
referred  as  an  entire-leaved  variety  to  the  Linnaean  V.  palmata";  and 
it  so  appears  in  the  Synoptical  Flora,  and  in  the  sixth  edition  of  the 
Gray  Man.,  p.  79,  1890. 

In  1896,  Greene  took  up  the  study  of  the  eastern  violets.  In  De- 
cember of  that  year  he  described  specimens  from  Ellicott  City,  Md., 
collected  May  3  and  24,  1896,  as  V.  cucullata  Ait.  probably.  In  Septem- 
ber, 1898,  he  stated  that  his  former  doubts  had  "been  banished."  By 
November,  1902,  he  had  concluded  that  the  bog  meadow  violet  that 
he  had  been  calling  V.  cucullata  was  an  aggregate  of  several  clearly 
distinguishable  species,  and  he  proceeded  to  describe  and  name  five 
new  ones.*  During  these  six  years  I  was  in  frequent  correspondence 
and  exchange  of  specimens  with  him,  though  not  in  sympathy  with  his 
growing  disposition  to  split  species.  After  1902  evidence  rapidly  ac- 
cumulated regarding  the  specific  and  varietal  characters,  the  habitat,  and 
the  wide  range  of  F.  cucullata,  and  in  these  matters  there  has  been 
of  late  years  a  general  consensus  of  opinion.  A  few  additional  facts, 
may,  however,  be  stated.  The  species  often  bears  petaliferous  flowers 
in  autumn  with  notably  long  auricles.  Its  cleistogamous  flowers  are 
very  characteristic — long  and  slender  on  erect,  often  elongate,  pedun- 
cles. Its  habitat  is  cold  bogs  and  springs,  and  it  is  frequently  found 
near  the  top  of  our  highest  mountains.  Its  range  is  from  Quebec 
and  Ontario  to  northeastern  Georgia;  and  recently  a  straggling  speci- 
men has  been  seen  in  the  Bronx  Park  herbarium  collected  in  swamps, 
Moark,  Ark.,  B.  F.  Bush,  No.  3755,  October  18,  1905. 

Our  line-drawing  is  of  a  plant  from  the  summit  of  Mount  Mans- 
field just  below  the  hotel,  altitude  4,000  feet,  July  4,  1906.  See  speci- 
mens No.  32  and  No.  33  of  my  Distribution  of  Eastern  North  American 
Violets,  1910. 


»Ani.  Jour.  Scl.  5:  60-1.     April.  1822. 

•Ann.  Lye.  N.  V.  2 :  137.     1826. 

»  Bot.  Gaz.  11 :  254.     Nov.,  1886. 

«PUt.    3:   Ha.     Dec.    18»6:   3:    336.     Sept.,   1898;   and   5:    96-101.     Nov.,   1902. 
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Species  No.  Z2a— Viola  vlarnin  Pollaril 
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Species  No.  aSb— Viola  tlaniin  Pollaril 
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Snecies  No.  2?l>— Viola  Tllloxa  Walter 
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Vida  viarum  Pollard,  Britton  Man.,  p.  635.     1901.    Species  No.  22. 

The  type  was  collected  along  railroads  in  dry  soil,  St.  Louis,  Mo., 
by  J.  B.  S.  Norton,  July  15,  1899,  and  specimens  of  the  original  col- 
lection were  distributed  from  the  National  Herbarium  as  No.  32  of 
North  American  Violaceae.  In  August,  1905,  the  plant  was  collected 
at  Eagle  Rock,  Mo.,  B.  F.  Bush,  No.  3144,  and  sent  me  unnamed. 
From  its  seeds  specimens  were  grown  at  Middlebury,  Vt.,  where  the 
plant  has  since  persisted  without  special  care.  It  was  sent  out  as  Nos. 
175  and  176  of  my  Distribution  of  Violets,  1910.  Mr.  Bush  wrote  that 
the  plant  was  very  common  along  the  rocky  banks  of  the  White  River, 
which  flows  southeastwardly  for  over  100  miles  through  the  Ozark 
Hills  of  northern  Arkansas.  The  specimen  cited  for  Oklahoma  by 
Pollard  in  the  Britton  Man.,  page  636,  proves  to  have  been  V.  papil- 
ionacea  X  pedatifida.    The  species  is  reported  from  Knox  County,  Ind. 

The  leaves  of  V,  viarum  are  heterophyllous — some  undivided 
(merely  serrate),  others  pedately  3-7-lobed  or  parted;  the  flowers  are 
purplish,  the  spurred-petal  glabrous,  the  upper  pair  broader,  divergent, 
emarginate ;  the  seeds  dark  brown,  2  mm.  long. 

The  line-drawings  (pages  58-59)  are  based  on  herbarium  speci- 
mens ex  horto  grown  from  the  Eagle  Rock  material.  See  Nos.  175 
and  176,  Distribution  of  1910. 

Viola  vinoM  Walter,  Fl.  Car.,  p.  219.     1788.    Species  No.  23. 
F.  Carolina  Greene,  Pitt.  3:  259.     Feb.,  1908. 

Walter's  brief  description  is  as  follows :  "Acaulis,  f oliis  cordato- 
ovatis  villosis,  floribus  aliquando  caeruleis  aliquando  apetalis." 

Greene  pronounces  this  species  "no  better  than  a  nomen  nudum. 
Every  one  of  the  descriptive  terms  that  author  uses  will  apply  equally 
well  to  every  other  one  of  our  blue-flowered,  stemless  violets  that  is  not 
glabrous."  But  after  repeated  visits  to  the  tide-water  plains  of  South 
Carolina  where  Walter  lived,  we  are  confident  that  no  other  violet  in 
those  flat,  sand  plains  answers  to  his  concise  description:  stemless, 
leaves  villous  cordate-ovate,  flowers  at  times  blue,  at  times  apetalous. 

Elliott  in  his  Botany  of  South  Carolina  and  Georgia,  p.  297,  1817, 
is  more  exact  than  Walter,  noting  that  the  species  is  very  downy  rather 
than  villous,  the  flowers  pale-blue  and  that  it  grows  in  dry,  sandy  soil. 
Nevertheless,  a  year  later  came  the  misconceptions  of  Nuttall  regard- 
ing V.  villosa  and  V.  sororia  already  discussed  under  V.  hirsutula. 

The  two  line-drawings  were  made  from  herbariutn  specimens. 
The  upper  showing  fruit  was  collected  at  Gilmerton,  Va.,  by  House, 
April,  1913 ;  the  lower  at  Auburn,  Ala.,  by  Baker,  March  18,  1898. 


See  also  color-plate.  Species  Tfu.  SS,  opposite  pnge  M. 
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Species  No..  24— VluU  Hmbrfatuli  J.  E.  Smith 
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VioU  fimbriatula  J.  E.  Smith,  Rees'  Cycloped.  37,  No.  16.     1817. 

Species  No.  24. 

The  confluence  of  V,  fimbriatula  and  V,  sagittata  was  set  forth  in 
Rhod.  8 :  57,  pi.  68.  March,  1906 ;  and  on  the  following  page,  between 
P'.  etnarginata  and  F.  sagittata;  and  between  V.  emarginata  and  V.  fim- 
briatula. Observations  during  the  subsequent  15  years  have  abun- 
dantly confirmed  these  conclusions. 

At  the  same  time  these  aberrant  forms  ought  not  in  our  manuals 
to  divert  attention  from  the  normal  forms  which  occur  far  more  fre- 
quently in  nature.     In  foliage  the  three  pure  species  differ  as  follows : 

Leaves  pubescent,  mostly  short-pet ioled,  ovate-oblong,  only  cre- 
nate-serrate  at  base,  V.  fimbriatula. 

Leaves  glabrous,  rather  long-petioled : 

(a)  Lanceolate  at  base,  often  dilated  and  incised,  F.  sagittata. 

(b)  Deltoid  at  base,  coarsely  dentate,  V.  emarginata. 

In  my  Distribution  of  Eastern  North  American  Violets,  1910,  the 
following  numbers  illustrate  some  of  the  varying  forms  of  the  three 
species  under  discussion:  V.  emargittata  45-48;  V.  fimbriatula  52-55; 
V.  sagittata  139-141. 
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Vi<Ja  sagittata  Ait.,  Hort.  Kew.  3:  287.     1789.     Species  No.  25. 

This  species  has  been  much  confused  with  its  allies  F.  emarginata 
and  V,  fimbriatula  as  will  appear   from  the  following  list  of  their 
synonyms. 
V.  sagitUU  Ait.     1789. 

F.  dentata  Pursh.     1814. 

V.  sagittata  var.  emarginata  Nutt.    1818. 

V.  emarginata  (Nutt.)  LeConte.     1826. 
V.  fimbriatula  J.  E.  Smith.     1817. 

V,  sagittata  Pursh,  "dry  hills"  not  Aiton.     Probably  F.  fimbri- 
atitla  X  sagittata. 

V.  primulifolia  Pursh,  not  L. 

V.  ovata  Nutt.     1818. 

The  range  of  V.  sagittata  is  remarkably  wide,  from  eastern  Massa- 
chusetts south  to  Louisiana  and  west  into  the  region  of  the  Great 
Lakes.  The  species  is  also  noticeably  inconstant  as  respects  pu- 
bescence. In  the  North  and  West  this  may  be  due  in  part  to  its  inter- 
breeding with  V.  fimbriatula.  Philip  Dowell  reports*  that  "where  the 
two  species  grow  together  it  is  difficult  to  find  the  pure  species  un- 
mixed." But  it  is  also  in  accord  with  the  general  law  that  low  tempera- 
ture and. high  humidity  favor  pubescence,  while  high  temperature  and 
low  humidity  tend  to  do  the  opposite.  In  other  words,  under  hot, 
dry,  sunny  conditions  plants  are  psually  less  jnibescent  than  under 


Species  No,  20— Viola  nepkrophjlla  Ore 


Species  No.  23a— Tlola  vlUosa  Walter 


^s^ 


\ 


Species  No.  25— TloU  sapitUta  Alt. 


species  Ng.  27 — Tlola  Brittonlana  Pollard 
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cool,  moist,  shady  conditions.  This  is  well  shown  in  our  two  line- 
drawings  of  y.  pcUmata  L.,  species  No.  2,  the  northern  plant  from  the 
Berkshire  Hills  of  Massachusetts  being  markedly  villous,  the  Florida 
plant  almost  glabrous.  But  it  is  illustrated  equally  well  in  V.  sagittata. 
In  the  South  the  species  is  habitually  glabrous;  in  the  region  of  the 
Great  Lakes  the  prevalent  form  is  pubescent  and  was  named  V. 
subsagittata  by  Greene,*  but  the  habitat  is  usually  wet  meadows  or 
swales  or  cool  shores  at  the  south  end  of  Lake  Michigan  or  Lake 
Huron. 

Gray's  final  statement  regarding  V.  sagittata  is  significant:  "gen- 
erally well  marked  as  this  is,  yet  it  appears  to  be  confluent  on  one  hand 
into  typical  V.  palmata,  on  other  into  the  var.  cucullata;"^ — ^that  is, 
into  a  variety  of  V.  palmata  as  var.  cucullata  is  regarded  in  Manual, 
6th  ed.,  1890,  probably  V.  papilionacea  as  now  understood.  This  in- 
dicates that  he  wis  influenced  in  his  reduction  of  violet  species  by  his 
knowledge  of  the  numerous  intergrading  forms  that  connect  the  ex- 
treme types  of  the  ''cucullata-sagittata"  group.  Whether  he  considered 
this  due  to  recent  interbreeding  or  did  not,  it  would  support  his  con- 
ception of  "var.  cucullata"  as  "most  polymorphous."* 


1  Bull.  Torr.  Club  87 :  175.     April,  1910. 

•Pitt.  3:  316.     May,  1898. 

»Bot.  Gas.  11:  254.     Nov.,  1886. 

*  Synoptical  Fl.,  p.  196.     1895. 

See  eolor-plate,  8peeleg  No.  8&,  opposite  page  •&. 
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Species  No.  26a— YloU  eraarKlnBls  (NutL)  LeCoote 
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Vi<J«  enuurginaU  (Nutt.)  LeConte,  Ann.  Lye.  N.  Y.  2:  142.     1826. 
Species  No.  26. 

The  close  relationship  between  this  and  the  last  two  species  and 
their  frequent  confluence  has  been  stated  under  V.  fimbriatula. 

V.  emarginata  was  first  recognized  by  Nuttall  in  his  Gen.  N.  Am. 
PI.  1 :147,  1818,  as  a  variety  of  V,  sagittata.  In  1826  Leconte  as  above 
cited  published  it  as  a  species.  He  remarks:  "Found  in  dry  woods 
from  New  Jersey  to  Carolina ;  it  has  no  resemblance  to  V,  sagittata,  and 
may  be  recognized  at  first  sight  by  its  larger  diversiform  leaves  and 
larger  flowers."  On  April  1,  1907,  Greene  showed  me  Le  Conte's 
water-color  of  this  species,  which  tallies  well  with  a  form  that  I  have 
collected  at  many  stations  in  the  Carolinas  and  Oklahoma.  This  is  less 
deltoid  than  the  form  found  north  of  southern  Virginia,  and  the  notched 
petals  that  suggested  Nuttall's  original  name,  "emarginata,"  are  lack- 
ing.    See  45,  46  and  47  of  my  Distribution,  1910. 


See  line-drawing,  page  66,  based  on  a  plant  of  the  Northeastern  United  States ; 
and  line  drawing,  page  68.  based  on  a  herbarium  specimen  ex  horto,  Aug.  80,  1911, 
transplanted  from  Oklahoma. 
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Species  No.  26b— V]oU  enmr^iMBU  (Nutt.)  LeConte 


Species  No.  29— Viola  Heptemlolu  LeConte 


species  No.  30— Viola  Selklrkll  Pursh 


Species  No.  32— Tiola  renlfolla  Gray 


Species  No.  3S — Tiola  pallens  (Banks)  Bralnerd 
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Viola  Brittmiana  Pollard,  But.  Gaz.  26 :  332.     1898.    Species  No.  27. 

This  species  was  first  recognized  by  Britton  and  published  in  the 
Torrey  Bulletin  24 :  92,  1897,  and  about  the  same  time  in  the  Britton*s 
111.  Flora  2:  446  as  V.  atlantica.  It  was  soon  discovered  that  the  name 
had  been  used  for  a  European  species  by  Pomel  in  1874 ;  and  Pollard 
had  the  pleasure  of  publishing  the  American  plant  as  V,  Brittoniana. 
We  present  a  color-plate  of  this  attractive  species,  found  in  peaty  or 
moist,  sandy  soil  along  the  coast  from  Maine  to  Virginia.  See  also 
No.  17  of  my  Distribution,  1910. 

Associated  with  this  species  is  usually  found  an  allied  plant  appro- 
priately named  "pectinata"  by  Mr.  Bicknell^  from  the  long,  narrow, 
comb-like  incisions  of  the  leaf-blade.  In  all  other  characters — in  flower 
and  fruit,  in  fertility,  in  size  and  color  of  seeds  and  in  rootstock — 
the  plant  is  identical  with  typical  V.  Brittoniana.^  It  appears  to  be  a 
case  of  dimorphism  not  infrequent  in  Viola  and  is  discussed  in  our 
account  of  V.  hastata  Mich.,  species  No.  54. 


^Torreya  4:  129.     1904. 

» See  Rhod.  8 :  59,  pi.  69.     March,  1906 ;  where  for  V.  acpteinloba  read  V.  Brit- 
toniana.     See  No.  116  Brainerd's  Distrib.  of  Viola,  1910. 
See  color-plate,  Species  No.  21,  opposite  page  66. 


Species  No.  28— Viola  iiedatlGda  Don 
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pedati^da  Don,  General  System,  Card.  Diet.  1 :  320.     1831. 
Species  No.  28. 
y.  delphinifolia  Nutt.  in  Torr.  &  Gray,  Fl.  No.  Am.  1 :  136.     1838. 

About  two  years  before  his  death,  January  30,  1888,  Gray  in  the 
Bot.  Gaz.  11:  254,  Nov.,  1886,  said  of  V.  pedatifida  Don.:  "Its  affini- 
ties are  with  V.  palmata,  indeed  [it]  is  probably  only  a  marked  geo- 
graphical variety  of  that  species."  But  in  the  Synop.  FL,  p.  196,  Oct., 
1895,  it  is  admitted  without  comment  between  V.  pedata  and  V.  pal- 
mata. In  the  paper  above  cited  Gray  speaks  of  specimens  collected 
at  Concord,  Mass.,  by  Tuckerman  "which  would  surely  pass  for  V. 
pedatifida  if  from  the  valley  of  the  Mississippi."  They  were  doubt- 
less V.  Brittoniana  and  its  associated  V.  pectinata. 

V.  pedatifida  is  a  species  of  the  Atlantic  Basin,  also  abundant  in 
the  prairies  of  the  Middle  West,  ranging  from  near  Sandusky,  Ohio, 
northwest  to  Saskatchewan  and  southwest  to  Oklahoma  and  New 
Mexico. 

The  name  is  singularly  inappropriate,  for  the  middle  segment  of 
the  leaf  is  always  dissected,  while  in  the  strictly  pedate  leaf  it  is  never 
dissected.  The  blade  of  V.  pedatifida  is  primarily  3-parted,  and  when 
well  developed  each  of  the  three  segments  is  further  trisected,  and 
then  each  of  these  subdivisions  once  more  cut  into  2-4  lobes.^ 

Our  line-drawing  is  of  a  herbarium  specimen  from  prairie  near 
Muskogee,  Okla.,  Brainerd,  coll.,  April  11,  1910.  The  species  is  No. 
120  of  my  Distribution  of  Eastern  North  American  Violets,  1910. 


1  See  pi.  1.  flg.  2,  Bull.  Torr.  CI.  38.     Jan..  1911 — a  leaf-blade  having  in  all  some 
30  incisions. 
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Viola  septemloba  LeConte,  Annals  N.  Y.  Lyceum  2:  141.     1826. 
Species  No.  29. 

This  species  is  here  well  described  and  is  said  to  grow  in  Carolina 
and  Georgia  only  in  pineries,  through  what  is  called  the  lowlands. 
"Its  peduncles  often  eight  inches  high  are  adorned  with  flowers  two 
inches  in  diameter."  This  statement  is  exactly  borne  out  by  his  beau- 
tiful water-color,  which  the  present  writer  had  the  privilege  of  exam- 
ining when  it  was  owned  by  Greene. 

The  treatment  of  Viola  in  Eaton's  Botany,  widely  used  till  1850, 
is  hardly  more  than  a  translation  of  LeConte's  monograph  of  1826. 
But  Torrey  and  Gray  as  early  as  1838  in  their  Flora  of  North  America, 
say  "we  fear  that  this  species  {V,  septenUoba)  is  only  a  variety  of 
pdlmata."  In  Gray's  paper  on  Viola  in  1886  it  is  called  a  "variety  of 
palmata/'  and  in  the  S)mop.  FL,  Oct.,  1895,  it  is  simply  cited  as 
S3aionym  of  V.  palmata.  In  the  first  edition  of  Small's  Southern  Flora 
in  1903,  the  plant  at  length  regained  recognition  in  American  botany 
after  suffering  a  well-nigh  total  eclipse  for  over  half  a  century. 

The  present  known  range  of  the  species  is  from  southeastern 
Virginia  to  Florida,  in  the  tide-water  plain  and  west  to  Biloxi,  Miss. 
The  foliage  of  the  plant  is  extremely  variable.  "The  first  leaves  often, 
and  sometimes  all  the  leaves,  uncut;  the  others  primarily  3-lobed, 
3-cleft  or  3-parted  with  widely  open  sinus,  the  middle  segment  uncut, 
relatively  long  and  broad,  usually  narrowed  at  the  base,  the  lateral  seg- 
ments (sometimes  uncut)  but  generally  pedately  cleft  into  2-4  narrow 
divergent  parts  that  become  smaller  toward  the  base  of  the  leaf."^ 

V.  septemloba  has  been  often  confused  with  F.  Brittoniana,  a  cut- 
leaved  species  of  the  same  group  and  of  similar  habitat.  But  they 
differ  in  three  respects :  ( 1 )  The  seeds  of  V,  Brittoniana  are  buff  and 
1.6  mm.  long;  those  of  V,  septemloba  are  dark  brown  and  2  mm.  long. 
On  weighing  200  seeds  of  each,  those  of  V,  septemloba  were  found  to 
be  over  93  percent  the  heavier,  or  nearly  twice  as  large.  (2)  The 
leaves  of  F.  Brittoniana  are  palmately  parted,  all  of  the  three  primary 
segments  being  again  twice  or  thrice  split ;  those  of  V.  septemloba  are 
pedately  parted.  (3)  V,  septemloba  is  found  only  in  southeastern  Vir- 
ginia and  southward,  V,  Brittoniana  only  in  Virginia  and  northward. 

The  color-plate  of  V.  septemloba  represents  a  pressed  plant  from 
a  pine  woods  near  Summerville,  S.  C.,  Brainerd  coll.,  March  25,  1907, 
and  is  the  copy  of  a  water-color  by  Mathews.  Specimens  are  to  be 
seen  in  my  Distribution,  1910,  Nos.  150-153. 


1  Brainerd  In  Small's  Southern  Fl.,  2nd  ed.     1913. 
See  folor-iilate,  Sperirs  No.  29.  oppoitlte  page  6N. 


•     *    •• 


Violets  of  North  America  7Z 

Pursh,Goldie,  Edinb.  Phil.  Jour.  6:324.    1822.    Spe- 
cies No.  30. 

This,  one  of  the  most  distinct  of  North  American  violets,  was 
first  discovered  on  hills  about  Montreal,  Que.,  and  described^  by  John 
Goldie,  a  Scotchman  who  collected  plants  in  North  America  from 
1817  to  1820.  The  violet  seems  to  have  been  seen  and  named  by 
Pursh,  for  in  1822  it  was  published  in  the  Edinburgh  Phil.  Jour.  (6: 
324)  as  "F.  Selkirkii  Pursh,  by  Goldie."  The  Scotch  collector  in  1844 
emigrated  to  A3rr,  Ont.,  where  he  died  June,  1886,  at  the  age  of  93. 
In  a  letter  to  Hooker,*  Gray  wrote,  "Old  Goldie,  your  father's  corre- 
spondent lange  s)aie,  died  only  this  summer,  very  old." 

Stations  for  V.  Selkirkii  rapidly  multiplied  after  Goldie's  dis- 
covery. True  to  its  name — ^after  the  sailor  Alexander  Selkirk,  the 
Robinson  Crusoe  of  Defoe — ^this  violet  dwells  in  the  solitude  of  cold 
mountain  forests,  and  is  reported  from  as  far  north  as  Greenland. 
Gray  discovered  that  the  species  was  circumpolar,  occurring  in  Russia, 
Japan  and  Kamtschatcha.  Happily,  the  Eurasian  plants  were  described 
later  than  1822,  and  V,  Kamtschatica  Gingins  and  V.  umbrosa  Fries 
are  only  synonyms  of  V.  Selkirkii  Pursh."  , 

Some  recent  finds  are  interesting.  The  writer  has  a  specimen  col- 
lected by  Prof.  J.  K.  Henry,  June  13,  1895,  from  low  woods  on  ter- 
races of  the  Skeena  River,  B.  C.,  in  lat.  55**  15'  N.,  long.  127°  41'  W. 
and  from  slopes  of  Mount  Bonaparte,  Okanogan  County,  Wash., 
Eggleston,  13055  and  13057.  July,  1916.  This  is  strongly  confirma- 
tory of  Gray's  opinion  that  many  of  our  northwestern  American  plants 
have  reached  us  from  northern  Asia  across  the  Bering  Sea,  often 
migrating  southward  along  the  Rocky  Mountains,  even  to  Colorado, 
from  which  State  I  have  received  many  specimens  of  V,  Selkirkii  and 
of  V,  biflora  L.  another  Eurasian  species. 

Wilhelm  Becker,  a  violet  specialist  places  V,  palustris  and  V. 
Selkirkii  on  the  basis  of  their  disk-form  stigmas  in  a  distinct  group. 
The  former  is  stoloniferous,  the  latter  not.  Furthermore,  V,  Selkirkii, 
very  soon  after  petaliferous  flowering,  bears  cleistogamous  flowers  in 
abundance. 

The  plant  shown  in  our  color-plate  came  from  the  mountains  to 
the  east  of  Middlebury,  Vt.,  collected  April  25,  1913.  See  also  Nos. 
148  and  149  of  my  Distribution,  1910. 


*Dr.  Gray.  Bot.  Gaz.  11:  254,  272.     Nov..  1886. 

'Sept..  1886.  Letters  of  Asa  Gray,  p.  785. 

■  See  Gray  Man.,  ed.  5,  p.  78,  1874. 

See  color-plate,  Species  "No,  SO,  opposite  pafre  €8. 
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palustris  L.  Sp.  PL  934.     1753.    Species  No.  31. 

The  line-drawing  is  a  copy  of  Reichenbach's  Ic.  Fl.  Germ.  lii.  t.  2. 

In  Wilhelm  Becker's  Violae  Europaeae  V.  palustris  is  associated 
with  V.  Selkirkii,  both  having  a  disk-form  stigma  produced  into  a  short 
beak,  but  differing  in  that  V.  palustris  has  creeping  stolons  and  V. 
Selkirkii  does  not 

As  the  specific  name  indicates  the  plant  is  a  denizen  of  swamps  or 
of  cold,  wet  mountains.  The  species  is  widespread  in  the  highlands 
of  Europe  and  northern  Asia,  and  is  found  in  North  America  from 
Labrador  to  Alaska,  extending  southward  in  the  east  to  the  high  moun- 
tains of  New  England,  and  in  the  west  southward  along  the  Rocky 
Mountains  to  Colorado,  and  along  the  Pacific  Coast  to  Washington. 

The  foliage  is  glabrous ;  the  petals  pale  violet  or  sometimes  white. 
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Viola  renifolia  Gray,  Proc.  Am.  Acad.  8:  288.     1870.    Species  No. 
32. 

Gray's  paper  reads  as  follows :  Viola  renifolia,  n.  sp.  Rhizomate 
floribusque  V.  blandae  vel  paullo  majore;  foliis  reniformibus  (adultis 
saepius  poll.  2  latis)  utrinque  cum  petiolo  villoso-pubescentibus ;  s'capo 
pubescente.* 

"This  violet  was  first  brought  to  my  notice  by  Miss  Shattuck  of 
Mount  Holyoke  Seminary,  who  collected  it  at,  or  received  it  from, 
East  Elba,  New  York.  Later,  Mr.  Henry  Gilman  sent  it  from  On- 
tonagon,* Lake  Superior,*  and  now  I  have  fresh  specimens  and  the  liv- 
ing plant  from  Mr.  Frank  A.  Sherman  of  Hanover,  N.  H.  Also  speci- 
mens from  the  colder  parts  of  Oneida  County,  N.  Y.,  from  Professor 
Paine.  It  grows  in  company  with  V.  blanda,  \diich  it  closely  resembles 
as  to  the  flower,  but  the  leaves  are  more  like  those  of  V,  palustris; 
yet  they  are  more  strictly  reniform  and  are  conspicuously  beset  with 
pale,  soft  and  tender,  lax  hairs." 

To  this  Eggleston  adds:  I  remember  now  Professor  Jessup  tell- 
ing me  that  the  type  location  for  V.  renifolia  was  the  "Bottomless  Pit 
in  Hanover"  (N.  H.).  Prof.  Frank  A.  Sherman,  my  professor  of 
mathematics,  also  told  me  *  *  that  the  "Bottomless  Pit  in  Hanover  is 
a  great  sphagnum  bog  that  was  a  favorite  botanizing  place  of  ours." 

In  his  final  revision  of  Viola^  Gray  unites  under  V.  blanda  "two 
forms  which  in  their  extreme  would  seem  specifically  distinct,  viz.: 
var.  palustriformis,  and  'var.  renifolia'  which  seems  quite  different 
from  the  ordinary  state  of  V.  blanda  ....  (but)  is  so  connected  with 
the  preceding  variety  that  it  can  not  be  kept  distinct."  Just  how  it 
is  connected  is  not  explained,  but  it  was  probably  due  to  the  unrecog- 
nized presence  of  two  other  good  species,  V,  incognita  and  V,  pallens, 
the  latter  surmised  to  be  such  by  DeCandoUe  as  early  as  1824.*  See 
Rhod.  7 :  245-8.    Dec,  1905. 

A  similar  confusion  and  perplexity  is  to  be  seen  in  Greene's  pub- 
lication of  V.  Brainerdii,^  "by  no  means,"  he  says,  "an  easily  differen- 
tiated segregate  of  V.  renifolia"  Some  of  his  material,  No.  17  of 
Pollard's  distribution  and  Watson's  plant  from  Prince  Edward  Island, 
was  V.  incognita — the  "unrecognized"  masquerader  that  for  many  years 
was  a  hidden  source  of  perplexity  to  the  student  of  Viola. 


» Rootstock  and  flowers  of  V.  hlanda  or  somewhat  larger ;  leaves  reniform 
(when  full  grown  quite  often  2  in.  broad)  on  both  surfaces  and  the  petiole  villous* 
pubescent ;  scape  pubescent. 

»In  lat.   46"   49'.  long.  89"   27'  W. 

*Bot.  Gaz.  11  :  255.     1886. 

*  See  under  V.  paUena,     Prodromus  1:  29r».     1824. 

•Pitt.  5:  89-90.     Nov..  1902. 
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The  publication  of  V.  renifolia  Gray,  var.  Brainerdii  (Greene) 
Femald^  speaks  for  itself;  however,  attention  should  be  called  to  a 
name  13  years  older,  V.  mistassinica  Greene,  Pitt.  4:  5.  Jan.,  1899. 
The  types  in  the  Herbarium  of  the  Canadian  Geological  Survey  ai'e: 
No.  1,  from  damp,  mossy  woods  about  Lake  Mistassinai,  Quebec,*  that 
empties  into  Hudson  Bay;  No.  2,  from  Hamilton  River,  Labrador; 
and  No.  3,  from  the  east  shore  of  Hudson  Bay,  the  last  two  stations 
being  in  about  55**  north  lat.  With  these  should  be  cited  a  station 
near  Hazelton  on  the  Skeena  River  in  northern  British  Columbia.* 
J.  K.  Henry  coll.,  June  15,  1895,  and  a  station  at  Golden,  B.  C,  where 
the  Canadian  Pacific  R.  R.  leaves  the  Columbia  River  to  cross  the 
Rocky  Mountains,  and  from  slopes  of  Mount  Bonaparte,  Okanogan 
County,  Wash.,  Eggleston,  13056,  July,  1916.  These  far  northern 
plants  have  surely  diverged  in  habitat  and  aspect  a  long  way  from  the 
typical  V.  renifolia  of  Hanover,  N.  H.  See  Nos.  129,  130  and  131, 
Distribution  of  1910. 

V.  renifolia  differs  from  the  two  other  woodland  plants — V,  in- 
cognita and  V.  blanda,  its  nearest  allies — in  three  respects:  (1)  In  its 
reniform  leaves,  (2)  in  the  absence  of  stolons,  (3)  in  having  beardless 
petals.  In  these  characters  it  approaches  the  purple-flowered  species 
V,  Selkirkii  Pursh. 


^  Bull.  Torr.  CI.  88 :  8.     Jan..  1911 ;  and  Rhod.  14  :  86-8.     May.  1912. 
*Lat.  61*  N. 

*Liat  65*  N.,  Lonff.  128*  W.     Both  specimens  in  Herb.  E.  B. 
8ee  color-plate.  Species  Ifo.  tS,  opposite  page  ••• 
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incognita  Brainerd,  Rhod.  7:  248.     Dec,  1905.     Species  No. 
33. 

The  circumstances  leading  to  the  publication  of  this  white  violet 
are  stated  in  the  Rhodora  article  above  cited.  But  the  specific  name 
has  not  always  been  understood.  The  word  means  not  only  unknown, 
but  unrecognized.  This  abundant  species,  ranging  from  Newfound- 
land to  the  Dakotas  and  south  to  eastern  Tennessee,  had  for  many 
years  been  a  source  of  confusion  and  perplexity,  often  playing  the 
part  of  a  masquerader  and  passing  as  one  of  the  older  species.  A 
striking  instance  of  this  is  to  be  seen  in  Greene's  publication  of  V. 
Brainerdii,^  "by  no  means,"  he  says,  "an  easily  differentiated  segregate 
of  V.  remfoliaf  This  was  plainly  due  to  the  fact  that  some  of  his 
material,  No.  17  of  Pollard's  Distribution  and  L.  W.  Watson's  plant 
from  Prince  Edward  Island,  was  V.  incognita.  Many  specimens  in 
my  own  and  in  other  herbaria  determined  before  1905  as  V,  amoena 
LeConte,  V.  blanda  Willd.,  or  its  var.  palustriformis  Gray,  prove  to  be 
V.  incognita,  or  var.  Forbesii  Brainerd,  Bull.  Torr.  CI.  38:  8-9,  fig.  1, 
Jan.,  1911,  named  for  Mr.  F.  F.  Forbes  of  Brookline,  Mass.,  an  ac- 
curate and  critical  student  of  Viola, 

This  approaches  V.  blanda  Willd.  as  respects  pubescence,  prob- 
ably as  a  result  of  vicinism  in  the  more  or  less  remote  past;  but  in 
other  respects  it  is  like  typical  V.  incognita.  Its  characters  appear  now 
for  the  most  part  stable  and  its  stations  are  often  quite  remote  from 
those  of  V.  blanda.  It  is,  however,  not  unlikely  that  some  instances 
occur  of  recent  hybridism.  A  suspected  hybrid  may  be  tested  by  rais- 
ing from  its  cleistogamous  seeds  a  brood  of  offspring,  which,  if  revert- 
ing variously  to  the  characters  of  the  suspected  grandparents,  prove 
the  hybrid  nature  of  the  parent.  See  Bull.  Torr.  CI.  40:  249-260, 
plates  15,  16,  17,  June,  1913,  for  examples  of  these  experimental 
cultures. 

This  species  is  represented  by  Nos.  67,  68  and  69  of  my  Distribu- 
tion, 1910. 


»  Pitt.  5  :  89-90.     Nov.,  1902. 
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Viola  blanda  Willd.,  Hort.  Berol.,  t.  24.     1806.    Sp.  No.  34. 

Willdenow  in  his  description  emphasizes  the  fact  that  the  lateral 
petals  are  beardless,  stating  it  in  three  places ;  but  he  overlooks  another 
important  character,  the  minute  white  hairs  on  the  upper  surface  of 
the  leaves,  calling  them  glabrous — "foliis  glabris."  His  hand-colored 
plate,  two  copies  of  which  I  have  examined  and  from  which  our  line- 
drawing  is  made,  is  excellent.  In  this  plate  the  peduncle,  petiole  and 
even  the  midrib  have  a  pink  color,  often  found  in  this  species  when 
growing  in  boggy  soil,  but  rarely  seen  in  V.  pollens. 

The  medley  of  names  wrongly  used  for  V.  blanda  is  best  shown 
by  a  tabular  list  of  the  synon)rms: 

Viola  blanda,  Willd.,  Berol.  t.  24.     1806. 

F.  amoena  LeConte,^  Ann.  Lye.  N.  Y.  2:  144.     1826;  not  Symons. 
1798. 

V,  Leconteana  Don,  Gen.  System.  1 :  324.     1831. 

V.  alsophila  Greene,  Pitt.  4 :  7.    Jan.,  1899. 

The  species  is  far  less  hardy  than  V.  pallens  and  ascends  to  high 
altitudes  only  in  the  South.  On  shaded  rocks  in  Tryon,  N.  C.,  forms 
occur  in  which  the  upper  surface  of  the  leaf  is  quite  glabrous.  The 
range  of  V.  blanda  is  from  western  Quebec  and  western  New  England 
to  Minnesota,  and  south  in  the  Appalachian  Mountains  to  Georgia.  It 
is  represented  in  Nos.  IS  and  16  of  my  Distribution  of  Eastern  North 
American  Violets,  1910. 

The  line-drawing  is  a  copy  of  Willdenow's  t.  24,  1806. 


•  LieConte*8  "V.  blanda"  was  the  plant  now  considered  V.  pallens,  as  Is  shown 
both  by  his  description  and  by  his  water-color  labelled  by  him  "blanda.**  Of  this 
a  tracing  la  before  me ;  it  is  indubitably  V.  paUena. 
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Viola  pallens  (Banks)  Braincrd,  Rhod.  7:  247.     Dec,  1905.     Species 
No.  35. 

This  was  originally  described  by  DeCandolle^  from  herbarium 
specimens  collected  by  Banks  in  Labrador  several  years  earlier,  bearing 
the  manuscript  name  ''Viola  rotundifolia  Mich.  var.  pollens/'  De  Can- 
dolle's  brief  description  is  ''glabra,  sepalis  acuminatis — in  Labrador 
et  Kamtschatka.  In  eadem  ac  alpha?  An  species?"  which  seems  to 
mean  that  he  doubts  if  it  is  Michaux's  species  and  suspects  that  it  is 
something  else. 

Only  two  years  later  (in  1826)  LeConte  in  his  monograph  of 
Viola  conceived  the  plant  to  be  the  V.  blanda  of  Willdenow  and  used 
the  name  V,  amoena  for  the  true  V.  blanda — ^an  invalid  name  for  which 
Don  substituted  V.  LeConteana.  In  this  error  LeConte  was  followed 
by  subsequent  botanists  until  1905,  when  Britton,  studying  the  plate  of 
Willdenow,  found  that  it  clearly  represented  what  was  currently  pass- 
ing as  V.  LeConteana.  Thus  the  long-standing  error  of  LeConte  was 
corrected,  and  the  plant  of  Willdenow  received  just  recognition. 

The  question  now  arose  what  should  we  call  the  false  V.  blanda 
of  LeConte.  Here  the  thorough  work  of  Fernald  at  the  British  Mu- 
seum in  1903  solved  the  problem.  He  found  there  the  t)rpe  of  Bank's 
rotundifolia  Mich.  var.  pallens,  photographed  his  sheet  of  seven  plants, 
and  was  convinced  that  three  of  them  were  plainly  our  common  north- 
em  plant  and  that  ''pallens"  was  the  correct  specific  name  for  LeConte's 
V.  blanda.  Thus  after  a  period  of  79  years  the  names  of  these  two 
white  violets  were  finally  established. 


>  Prodromus  1 :  295.     1824. 

See  color-plate,  Species  No.  86,  opposite  page  61. 
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V.  pollens  is  a  plant  of  much  colder  habitat  that  V.  blanda.  It 
occurs  in  Labrador,  Newfoundland,  Gaspe  County,  Que,,  and  near 
the  summit  of  mountains  like  Mansfield  (Vt.)  and  Greylock  (Mass.). 
It  ascends  some  2,000  feet  higher  than  V.  blanda,  is  a  denizen  of  open 
bogs  rather  than  of  rich  woodlands,  and  is  at  home  in  springy  land  and 
along  cold  brooks.  Its  nearest  ally  is  V.  Macloskeyi  Lloyd,  a  species 
which  is  readily  distinguished  from  V,  pallens  by  the  entire,  or  at  most 
obscurely  crenate,  margin  of  the  leaf. 

Plants  hardly  separable  from  F.  pallens  have  been  collected  by 
Prof.  J.  K.  Henry  at  Stanley  Park,  Vancouver,  B.  C,  and  at  other 
stations  northward  along  the  coast  to  the  terraces  of  the  Skeena  River 
in  lat.  55>4"  N. 

Our  color-plate  is  based  on  a  herbarium  specimen  collected  in 
Middlebury,  Vt.,  June  3,  1915,  along  the  outlet  of  a  cold  spring  at  the 
base  of  the  Green  Mountains  in  eastern  Middlebury.  It  is  represented 
by  Nos.  94  and  95  of  my  Distribution,  1910. 
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Madoskeyi  Lloyd,  Erythea  3:  74.     May,  1895.     Species  No. 
36. 

The  type  in  the  Bronx  Park  Herbarium  was  collected  July  22, 
1894,  at  the  base  of  Mount  Hood,  Ore.,  lat.  45°  20',  about  50  miles  east 
of  Portland.  It  was  named  in  honor  of  Prof.  Geo.  Macloskey  of 
Princeton  University.  It  had  been  collected  five  years  earlier  by 
Mrs.  Peckinpah  in  the  mountains  of  Fresno  County,  Cal.,  and  was  pub- 
lished 12  years  later  as  V.  anodonta  by  Greene  in  Pitt.  5 :  32.  Sept., 
1902.  I  collected  a  specimen  July  7,  1897,  at  Meisner's  Ranch,  El- 
dorado County,  on  my  first  visit  to  California,  and  on  my  second  visit 
in  1915  found  it  at  many  stations  in  the  Truckee  River  Valley,  Placer 
County,  and  have  received  several  specimens  from  Mrs.  Viola  Brainerd 
Baird,  Eggleston  and  others. 

In  1910,  F.  F.  Forbes  sent  me  ample  herbarium  material  grown 
in  Brookline,  Mass.,  of  a  plant  originally  from  Banff,  Alberta.  I  was 
surprised  to  find  the  specimens  labelled  ''Viola  pallens  (Banks)  Brain- 
erd," as  they  were  unmistakably  V,  Madoskeyi.  It  revealed,  how- 
ever, the  close  relationship  of  the  two  species  and  gave  a  new  station 
for  V.  Madoskeyi,  377  miles  further  north  than  Mount  Hood,  about 
the  distance  in  an  air  line  from  Philadelphia  to  Ottawa. 

The  line-drawing  is  based  on  a  herbarium  specimen  from  Deer 
Park,  Placer  Co.,  Cal.,  alt.  6,200  ft.,  Mrs.  Baird,  coll.,  July,  1910. 


Bulletin  224 


Species  No.  37— Tlola  prlmnUfolIa  L. 


Violets  of  North  America  87 


primulifolia  L.  Sp.  PI.  934.     1753.    Species  No.  37. 

This  is  the  largest  species  of  the  white  violets  that  grow  in  wet, 
open  places,  and  has  the  widest  range,  extending  along  the  coast  from 
New  Brunswick  to  Florida  and  Texas.  In  the  North  the  foliage  is 
usually  glabrous,  but  in  the  South  it  is  often  notably  pubescent,  with 
petioles  often  broadly  winged.  This  form  was  called  var.  villosa  in 
the  Manual  of  Eaton  and,  later,  var.  australis  by  Pollard.^  In  late 
summer  and  in  autumn  the  species  is  propagated  by  leafy  and  creep- 
ing floriferous  stolons. 

Specimens  of  var.  villosa  Eaton  are  to  be  found  in  Nos.  123,  124, 
125  of  my  Distribution  of  Violets,  1910. 


^Bot.  Gaz.  26:  342.     Nov.,  1898. 
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VioU  ocddentaHs  (Gray)  Howell,  Fl.  N.  W.  Am.  69.      Mar.  10, 1897. 
Species  No.  38. 

Though  found  only  on  the  Pacific  Coast  this  violet  seemed  so 
nearly  related  to  V.  primulifolia,  over  1,800  miles  to  the  southeast,  that 
Gray^  regarded  it  as  only  a  variety  of  the  eastern  plant.  But  a  careful 
study  of  the  type  in  the  Gray  Herbarium,  collected  at  Waldo,  Ore.,  June 
5,  1884,  and  of  other  data  convinced  me  that  Howell  was  justified  in 
publishing  it  as  a  valid  species  in  1897.  His  description  is  detailed  and 
as  exact  as  could  be  expected  when  based  on  only  a  single  collection. 
This  conviction  is  strongly  confirmed  by  the  study  of  a  specimen  in 
my  possession  from  Gasquets,  Del  Norte  Co.,  Cal.,  not  far  from  the 
type  station.  Miss  Alice  Eastwood,  collector,  April,  1907;  also  by  two 
specimens  in  the  National  Herbarium.  (1)  F.  A.  Walpole,  2114,  10 
miles  west  of  Waldo,  Ore.,  April  26,  1902 ;  (2)  C.  V.  Piper,  6107,  8 
miles  south  of  Waldo,  Ore.,  June  14,  1904. 

An  admirable  water-color  of  the  type  in  the  Gray  Herbarium  was 
painted  for  me  in  June,  1918,  34  years  after  its  collection  by  Howell ; 
from  this  was  made  the  line-drawing  here  presented. 


>  y.  primulifolia  L«.  var.  occidenialia  Gray.     Bot.  Gaz.  11 :  225.     Nov.,  1S86  ;  anti 
Synop.  Fl.,  p.  198. 


Species  No.  39— TloU  lanceoUU  h. 
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lanceolaU  L.  Sp.  PI.  934.     1753.    Species  No.  39. 

The  habitat  of  this  eastern  white  violet  is  the  same  as  that  of 
v.  primulifolia,  but  its  range  is  more  to  the  northwest — from  Nova 
Scotia  to  Minnesota,  but  southward  only  to  the  Piedmont  plateau,  the 
northern  border  of  the  Coastal  Plain.  This  northwestern  range  is 
shown  by  the  fact  that  no  station  for  V.  primulifolia  is  known  in 
Vermont,  but  for  V.  lanceolata  there  are  five. 

V.  lanceolata  at  vernal  flowering  is  a  small  plant,  but  its  foliage  in 
summer  often  attains  the  height  of  10  or  12  inches.  Later  it  puts 
forth  in  favorable  soil  numerous  stolons  that  root  freely,  branch  and 
in  the  following  spring  bear  at  their  tips  new  flowering  plants.  Speci- 
mens illustrating  this  method  of  propagation  are  to  be  seen  in  Nos. 
70  and  71  of  my  Distribution  of  Eastern  North  American  Violets,  1910. 
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Viola  TitUU  Greene,  Pitt.  3 :  258.    Feb.,  1898.     Species  No.  40. 

This  species  of  open  bogs  and  borders  of  marshy  ponds  is  con- 
fined to  the  southern  coast  from  Georgia  to  Texas.  Before  its  recogni- 
tion by  Greene  it  masqueraded  as  F.  lanceolata  L.  LeConte's  water- 
color  of  V.  lanceolata  represents,  not  the  species  of  Linnaeus,  but  V. 
vittata.  The  specific  name  alludes  to  the  resemblance  of  the  foliage 
to  the  fronds  of  Vittaria,  a  genus  of  the  Fern  family.  The  mature 
leaf  of  V.  vittata  is  linear,  4-10  mm.  wide,  15-30  cm.  long,  mucronately 
serrulate.  Unmindful  of  Greene's  publication  Pollard  in  1901^  pub- 
lished it  as  V,  deniiculosa. 

Our  line-drawing  is  of  a  herbarium  specimen  collected  in  Florida, 
March  30,  1909,  along  the  road  from  DeLand  to  the  DeLeon  Springs. 
Characteristic  specimens  may  be  seen  in  Nos.  178  and  179  of  my 
Distribution  of  Violets,  1910. 


» Bull.  Torr.  CI.  28 :  475. 
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Viola  rotundifolia  Michx.,  Fl.  Bor.  Am.  2:  150.     1803.    Species  No. 
41. 

This  violet  is  readily  distinguished  when  seen  in  vernal  flowering, 
but  has  been  a  source  of  perplexity,  as  it  appears  in  autumn.  To  this 
autumn  form  Pursh  gave  the  name  V.  clandestina,  cautiously  adding: 
"F.  rotundifolia  Michx.,  Fl.  Amer.  2,  p.  150,  in  shady  beech  woods 
among  rotten  wood  and  rich  vegetable  mould  ....  flowers  of  a  choco- 
late brown."  Concerning  this  correct  surmise,  Schweintz  dogmatically 
states^  that  Pursh's  plant  and  Michaux's  "can  have  no  affinity  what- 
ever" ;  yet  they  have  proved  to  be  identical !  We  now  understand  the 
plant's  peculiar  method  of  bearing  in  late  summer  cleistogamous  flowers 
and  fruit  on  raceme-like  stems — not  on  stolons,  as  these  stems  never 
root  nor  produce  new  plants,  as  seen  in  line-drawing.^  The  white 
violet  V.  renifolia  is  like  V.  rotundifolia  in  having  no  stolons,  in  this 
respect  differing  from  all  other  white  violets,  for  these  bear  clei^oga- 
mous  flowers  and  fruit  in  abundance  on  stolons. 

This  unique  species  is  usually  found  in  cold,  rich  woodlands  from 
Maine  west  to  Lake  Huron  and  south  along  the  Alleghanies  to  Rabun 
County,  Ga.  Its  affinity  to  V.  orbiculata  of  northwestern  America 
is  manifest,  though  the  two  species  grow  in  regions  widely  apart. 
This  relationship  is  seen  in  the  shape  of  the  leaves  as  is  indicated  by 
the  specific  names,  by  the  yellow  vernal  flowers,  and  by  the  later 
cleistogamous  flowers  on  raceme-hke  stems.  The  two  points  of  dif- 
ference are:  (1)  The  presence  of  several  small  leaves  on  the  raceme- 
like stems  of  F.  orbiculata;  but. only  an  occasional  one  on  those  of 
V,  rotundifolia;  (2)  the  seeds  of  F.  orbiculata  are  brown  and  rela- 
tively broad ;  those  of  F.  rotundifolia  grayish  white  and  smaller. 


1  Am.  Jour.  Scl.  5 :  63.     1822. 

•Cf.  Greene  In  Pitt.  3:  255.     Dec,  1897. 

8ee  alMo  color-platt',  Spcrles  No.  41,  opposite  paffe  100. 
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Viola  orbiculata  Geyer,  Hook.  London  Jour.  Bot.  6:  73.  1847. 
Holz.  Com.  U.  S.  Nat'l  Herb.  3:  214-5,  pi.  4.  1895.  Species 
No.  42. 

This  rare  and  beautiful  violet  of  northwestern  America  commem- 
orates a  talented  and  enthusiastic  young  German,  Carl  A.  Geyer,  who 
first  collected  and  named  it.  In  Hooker's  Jour.  Bot.  7:  181-3,  1855, 
appeared  an  interesting  obituary  of  Geyer  by  Dr.  H.  G.  Reichenbach 
of  Berlin,  from  which  we  learn  that  in  February,  1834,  Geyer,  when 
hardly  more  than  23  years  of  age,  left  Dresden  for  North  America, 
to  satisfy  his  thirst  for  exploration.  For  nearly  ten  years  he  endured 
hardship  due  to  illness  and  to  abuse  from  Indians.  On  November  13, 
1844,  he  sailed  from  Vancouver  Island  and  reached  England  by  way 
of  the  Hawaiian  group  in  May,  1845.  The  following  September,  much 
broken  in  health,  he  returned  to  Dresden,  where  he  died  November  21, 
1853. 

The  type  of  V,  orbiculata  was  collected  in  dark,  shady  woods  of 
Thuja  gigantea  in  the  Coeur  d'Alene  Mountains  of  Idaho,  June,  1844, 
and  was  published  by  Hooker  in  the  London  journal  above  cited,  as  a 
doubtful  V.  rotundifolia  with  the  statement  that  if  it  "proves  distinct 
Mr.  Geyer's  manuscript  names  of  V,  orbiculata  should  be  adopted." 
The  plant  was  first  collected,  though  not  published,  by  David  Douglas. 
Gray,  however,  to  the  last  held  it  to  be  a  variety  of  V.  sarmentosa;  but 
it  was  recognized  at  the  National  Herbarium  as  a  valid  species  and 
illustrated  by  a  plate  representing  both  its  early  and  its  late  summer 
stages. 

As  known  at  present,  the  stations  for  V,  orbiculata  are  in  western 
Montana,  northern  Idaho,  Oregon,  Washington  and  North  in  British 
Columbia  to  lat.  5534*"!  long.  127°  40'.  Our  color-plate  and  Hne-draw- 
ing  are  based  on  a  plant  from  the  last  named  station.  Prof.  J.  K.  Henry, 
coll.,  June  17,  1915,  in  wet,  mountain  woods  (altitude  4,200  feet) 
near  Hazelton,  B.  C.  The  species  is  plainly  a  near  relative  of  V. 
rotundifolia,  though  the  tracts  where  the  two  species  occur  are  more 
than  1,600  miles  apart,  about  the  distance  from  New  York  City  to 
Denver,  Colo. 


Hee  aliio  eolor-plate.  Species  No.  4i,  opposite  page  100. 
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sannentosa  Dougl.  in  Hooker's  Fl.  Bor.  Am.  1 :  80.     1830.* 
Species  No.  43. 

The  most  northern  station  known  for  V.  sarmentosa  is  Victoria, 
B.  C.  "Dry  woods  and  banks  Shawingan,  Vancouver  Island,  J,  K. 
Henry,  No.  9112,  May  9,  1915.*'  Thence  it  ranges  southward  to  Marin 
County,  Cal.,  on  the  coast,  but  not  along  the  Sierra  Nevada  as  does 
V.  praemorsa.  In  Torrey  and  Gray's  Flora  of  1838,  a  station  for  V, 
sarmentosa  is  cited  "near  Walla  Walla,  Mr.  Townsend,"  190  miles 
east  of  Portland,  Ore.  This  was  doubtless  V,  orkiculata,  as  was  also 
the  plant  reported  from  Idaho  as  V.  sarmentosa  in  the  Synop.  Fl., 
p.  199. 

My  herbarium  contains  the  following  additional  specimens: 

1.  Salem,  Ore.,  Geo.  M.  Darrow,  a  live  plant  unnamed,  sent 
September  11,  1911. 

2.  Fort  Bragg,  Mendocino  Co.,  Cal.,  Miss  Alice  Eastwood, 
August,  1912. 

3.  Fort  Bragg,  Mendocino  Co.,  Cal.,  Mrs.  Viola  Brainerd  Baird 
and  E.  Brainerd,  August  20,  1915. 

4.  Marin  County  Cal.,  M.  E.  Parsons,  May  5,  1912. 

5.  Marin  County,  Cal.,  Miss  Eastwood,  June  6,  1899,  No.  16, 
North  American  Violaceae,  United  States  National  Herbarium. 

6.  Marin  County,  Cal.,  Mrs.  Viola  Brainerd  Baird  and  E.  Brain- 
erd, under  redwoods.  Mount  Tamalpais,  August  7,  1915. 

In  Pitt.  4:  8,  Jan.,  1899,  Greene  renamed  this  species  V,  semper- 
virens,  because  "F.  sarmentosa"  had  been  given  by  an  old  world 
botanist  in  1808  to  a  plant  that  later  proved  to  be  V,  odorata  L.  But 
by  the  international  code  the  name  V,  sarmentosa  Dougl.  is  not  thereby 
invalidated.  It  is,  however,  interesting  to  note  that  the  leaves  of  the 
species  are  evergreen,  i.  e.,  sempervirent,  and  coriaceous. 

The  line-drawing  is  made  from  a  herbarium  specimen,  Mount 
Vision,  Inverness,  Marin  Co.,  Cal.,  Mrs.  Viola  Brainerd  Baird  coll., 
March  26,  1916. 


1  It  should  be  borne  In  mind  that  at  the  date  of  this  publication  and  until 
1845,  British  North  America  extended  on  the  Pacific  Coast  well  south  of  the 
Columbia  River. 
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species  No.  41a — Viola  rotundlfolU  Micliz. 


Species  No.  42a— Viola  orbtciUta  Geyer 


Species  No.  45 — Viola  pedunculala  Torr.  &  Grs 
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biflora  L.  Sp.  PI.  936.  1753.    Species  No.  44. 

This  species  is  a  notable  instance  of  the  migration  of  a  widely 
distributed  species  of  the  Old  World  to  North  America  across  the 
Bering  Sea  and  southward  along  the  Rocky  Mountains  to  Colorado. 
The  genus  Viola  was  not  alone  in  this  migration.  Gray,  after  a  study 
of  the  Flora  of  Japan,  was  convinced  that  an  "interchange  of  temperate 
species  between  North  America  and  Europe  had  taken  place  by  way 
of  Asia." 

In  his  monograph,  Violae  Europaeae,  Wilhelm  Becker  has  given 
in  detail  the  distribution  of  V.  biflora.  It  is  foimd  in  nearly  all  the 
high  mountains  from  the  Pyrenees  through  Switzerland,  Germany, 
Austria,  Scandinavia  and  Russia,  and  in  Siberia,  West  and  North 
China  and  Japan. 

The  characters  of  the  species  are  so  unique  that  European  spe- 
cialists assign  to  V.  biflora  alone  one  of  the  three  special  sections  into 
which  they  divide  the  genus.  Our  line-drawing — an  exact  copy  of  the 
plate  of  Reichenbach  made  in  1839* — shows  the  general  character  of 
foliage,  flowers  and  fruit,  but  falls  far  short  of  the  beautiful  coloring 
to  be  seen  in  a  painting  by  Mathews. 


*  Reichenb.  Ic.  Fl.  Germ,  lit,  t.  1,  fig.  4489. 
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Viola  pedunculaU  Torr.  &  Gray,  Fl.  No.  Am.  1 :  141.    July,  1838. 
Species  No.  45. 

We  copy  in  full  the  original  description  of  this  species,  probably 
from  the  pen  of  Torrey.  It  differs  much  in  phraseology  from  that 
which  appeared  57  years  later  in  the  Synoptical  Flora. 

"Somewhat  pubescent ;  stem  short ;  leaves  rhombic-ovate,  crenately 
toothed,  abruptly  narrowed  at  the  base  into  a  petiole;  stipules  linear- 
lanceolate,  entire,  stigma  somewhat  triangular,  emarginate;  spur  very 
short ;  appendages  of  the  inferior  stamens  wing- form,  a  little  produced 
at  the  base. 

"California,  Douglas. — Lamina  of  the  leaves  scarcely  an  inch 
long,  rather  thick,  with  coarse,  obtuse  teeth.  Peduncles  2-3  times  as 
long  as  the  leaves.  Flowers  large,  deep  yellow.  Sepals  oblong,  ob- 
tuse. Petals  broadly  obovate ;  the  two  upper  ones  with  conspicuous 
claws;  lateral  ones  bearded  at  the  base.  Summit  of  the  filaments 
rounded.     Stigma  with  a  minute  lip  on  the  lower  edge." 

The  species  is  found  abundant  from  San  Francisco  Bay  to  San 
Diego,  Cal.,  and  thence  eastward  nearly  to  Arizona.  It  is  highly 
esteemed  for  its  beauty,  often  cultivated  in  gardens,  and  the  flowers 
are  said  to  be  often  for  sale  in  the  market.  This  is  one  of  the  25 
species  that  Gray  finally  accepted  as  peculiar  to  North  America — 13 
being  east  of  the  Continental  Divide  and  12  west,  viz. : — V.  sarmentosa 
Dougl.  V.  chrysantha  Hook.  V.  Hallii  Gray.  V.  glabella  Nutt.  V. 
pcdunculata  Torr.  &  Gray.  V.  Sheltonii  Torr.  V.  trinervata  Howell. 
V,  ocellata  Torr.  &  Gray.  V.  praemorsa  Dougl.  V.  Bcckzvithii  Torr. 
&  Gray.     V,  lobata  Benth.     V,  cuncata  Watson. 

Our  color-plate  is  based  on  a  specimen  from  South  San  Francisco 
collected  by  Mrs.  Viola  Brainerd  Baird,  March,  1916,  and  painted  by 
Mathews  the  following  May. 


See  color-plate,  Species  No.  45,  opposite  page  101. 
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Nuttallii  Pursh,  Fl.  1 :  174.     1814.    Species  No.  46. 

"On  the  banks  of  the  Missouri,  June,  v.  s.  in  Herb.  Nuttall." 
This  species  bears  the  name  of  a  famous  student  of  the  natural 
history  of  North  America  from  1808  to  1842.  Schweinitz  calls  him 
a  man  of  "unsparing  zeal."  The  intense  enthusiasm  with  which  he 
worked  sometimes  excited  the  ridicule  of  his  associates.  Occasionally 
he  was  reckless  of  danger  and  prostrate  from  fatigue  or  illness.  In 
1825,  his  reputation  as  a  naturalist  led  to  his  appointment  as  Curator 
of  the  Harvard  Botanical  Garden,  a  position  he  retained  until  1834, 
when  his  renewed  longing  for  the  wild  led  him  to  resign  and  visit  for 
exploration  the  Pacific  Coast.  In  1834  he  went  with  the  Wyeth  ex- 
pedition across  the  continent  to  Oregon.  During  the  winters  of  1834- 
35  and  1835-36,  he  made  two  trips  to  the  Hawaiian  Islands.  In  May, 
1836,  he  left  San  Diego,  Cal.,  on  a  ship  sailing  around  Cape  Horn  in  a 
southern  winter,  and  reached  Boston  the  following  October.  The 
story  of  his  romantic  trip  is  told  in  Dana's  well-known  "Two  Years 
Before  the  Mast."  See  also  the  account  of  the  expedition  by  John  K. 
Townsend  and  Captain  Wyeth's  letters  and  journals.  The  next  five 
years  Nuttall  lived  in  Philadelphia.  In  1838  appeared  the  first  part  of  ' 
Torrey's  and  Gray's  Flora  of  North  America,  to  which  Nuttall  con- 
tributed numerous  descriptions  of  plants;  in  1840  he  published  ex- 
tended accounts  of  new  species  collected  in  the  United  States  and  the 
Hawaiian  Islands ;  and  in  1841  he  wrote  his  Sylva  of  North  America. 
On  December  25,  1841,  he  left  America  to  make  his  home  in  England, 
having  received  the  bequest  of  an  estate  between  Manchester  and  Liver- 
pool; and  here  he  lived  until  his  death,  September  10,  1859,  with  the 
exception  of  the  winter  of  1847-48,  spent  in  Philadelphia  working  up 
for  publication  the  Rocky  Mountain  plants  of  Dr.  Gambel. 


Speciea  No.  46— VIoIk  NntUltll  Purah 
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There  never  has  been  any  question  as  to  what  plant  Pursh  de- 
scribed as  V.  Nuttallii,  since  it  was  collected  by  Nuttall  in  1811  while 
with  the  Astor  Expedition  on  the  Missouri  River;  and  Eggleston  of 
the  Bureau  of  Plant  Industry,  United  States  Department  of  Agricul- 
ture, to  whom  we  are  largely  indebted  for  information,  is  confident 
that  Nuttall's  type  came  from  South  Dakota,  since  on  the  first  of  June 
the  Astor  party  had  reached  the  river  on  the  south  line  of  South  Dakota 
near  the  present  town  of  Yankton  and  by  the  latter  part  of  June  had 
reached  the  Arickaree  village,  in  Corson  County,  S.  D. 

The  foliage  displays  marked  fluctuations,  some  of  which  have 
received  specific  names.  V.  linguaefolia  Nutt.  is  a  form  with  large 
elongate  root-leaves,  V.  vallicola  Nelson  a  form  with  widened  ovate 
root-leaves. 

The  color-plate  is  based  on  a  specimen  from  Grey  Cliff,  Mont., 
altitude  3,904  feet;  Eggleston,  No.  7871.     May  31,  1912. 

The  line-drawing  is  made  from  t.  26,  Hooker's  Fl.  Am.  Bor.  1579. 
1830. 


See  also  eolor-pUte*  Sperles  No.  4i,  opposite  page  Itl. 


Species  No.  JT — Viola  pnieniwrHa  DoujI. 
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Viola  praemorsa  Dougl.  in  Lindley's  But.  Register  15,  t.  1254.     1829. 
Species  No.  47. 

I  am  greatly  indebted  to  Eggleston  for  valuable  facts  regarding 
the  publication  of  this  species,  in  substance  as  follows:  Lindley*s 
Botanical  Register  was  the  organ  of  the  London  Horticultural  Society, 
under  whose  auspices  David  Douglas  explored  the  botany  of  the  Pacific 
Coast  north  of  California.  In  1914  this  Society  pubHshed  an  exact 
copy  of  his  journals.  From  them  we  learn  that  his  first  violet,  V. 
praemorsa,  was  collected  about  May  1,  1825,  above  Astoria  on  the 
Columbia  River.  He  secured  seeds  that  were  sent  by  a  vessel  sailing 
October,  1825,  and  reaching  England  in  1826;  from  these  flowering 
plants  were  obtained  at  least  as  early  as  1828.  His  specific  name, 
"bitten  off"  or  ^'truncate,"  alludes,  it  is  said,  to  the  condition  of  the 
rootstocks  in  the  dry,  sandy  soil  where  they  grew.  Lindley  tells  us 
in  his  paper  that  the  drawing  for  t.  1254  that  appeared  in  the  Botanical 
Register,  August  1,  1829,  was  made  in  1828  in  the  garden  of  the  Hor- 
ticultural Society.  The  artist,  M.  Hart,  has  figured  only  that  part 
of  the  plant  that  appeared  above  the  soil.  It  presents  a  luxuriant 
specimen  having  six  large  flowers,  four  full-grown  and  eight  small 
leaves,  and  the  tips  of  three  basal  stipules. 

The  plants  in  their  native  soil  present  an  aspect  quite  unlike  that 
of  those  raised  from  seed  in  England.  In  the  32  sheets  of  V.  prae- 
morsa in  the  writer's  herbarium  are  to  be  seen  specimens  from  Van- 
couver Island,  lat.  48j^°  N.,  south  through  Lake  County,  Ore.,  and 
along  the  Sierra  Nevada  to  the  Stanislaus  Forest  in  Tuolumne  County, 
Cal.,  lat.  38°  N.  These  plants  have  normally  stout,  sometimes  branch- 
ing root-stalks,  bearing  at  petaliferous  flowering  one  or  more  short 
stems,  that,  later,  elongate  and  produce  an  abundance  of  cleistogamous 
flowers  and  seeds. 

V,  Bakeri  Greene,  Pitt.  3 :  307,  April,  1898,  seems  to  be  a  subgla- 
brous,  depauperate  form  of  V.  praemorsa  found  in  the  mountains  of 
Oregon  and  northwestern  California. 

Our  line-drawing  is  of  a  specimen  collected  in  the  Truckee  River 
Valley,  Placer  Co.,  Cal.,  altitude  7,100  feet,  July  5,  1915. 
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Viola  purpurea  Kellogg,  Proc.  Cal.  Acad.  1 :  55.    May,  1855.    Spe- 
cies No.  48. 
V.  aurea  Kellogg,  Proc.  Cal.  Acad.  2:  185,  t.  54.    Sept.,  1862. 

Both  types  are  described  in  detail;  V.  aurea,  Kellogg  states  was 
"brought  from  Nevada  Territory — ^an  alpine  species  almost  woolly  in  its 
external  appearance."  A  careful  comparison  of  his  descriptions  leaves 
no  doubt  as  to  their  specific  identity. 

The  species  is  well  distributed  through  California.  I  have  speci- 
mens from  six  counties:  along  the  coast  from  Santa  Barbara,  Kern, 
Santa  Cruz,  and  in  the  Sierra  Nevada  from  Calaveras,  Nevada  and 
Siskiyou.  Jepson,  in  Fl.  West.  Mid.  Cal,  ed.  2,  p.  266,  Jan.,  1911, 
gives  the  range  of  V.  purpurea  Kell.  as  "Coast  Range  peaks  and  high 
mountain  ridges :  Loma  Prieta,  Mount  Diabalo,  Napa  and  Mount  Hood 
ranges  and  northward." 

Our  line-drawing  is  based  on  a  herbarium  specimen  from  Teha- 
chapi,  Kern  Co.,  Cal.,  Agnes  Chase  coll..  May  6,  1910;  but  it  fails 
to  show  the  minutely  white-villous  foliage  of  the  model. 

Viola  purpurea  Kellogg,  var.  pinetonun  Greene,  Fl.  Francisc.  243. 
1891.    See  also  V,  pinetonun  Greene,  Pitt.  2:  14.    Nov.,  1889. 

This  variety  is  abundant  in  the  Lake  Tahoe  region  of  Placer 
County,  Cal.,  and  south,  where  the  counties  of  Tuolumne,  Calaveras, 
Alpine  and  Eldorado  almost  corner  together.  I  first  collected  it  near 
Echo  Lake,  Eldorado  County,  July  11,  1897,  and  in  1915  found  it 
common  south  of  Truckee,  Cal. 

Our  illustration  is  based  on  a  herbarium  specimen  from  Five 
Lakes  (altitude  7,540  feet).  Placer  Co.,  Cal.,  Mrs.  Viola  Brainerd  Baird 
and  E.  Brainerd,  coll.,  July  15,  1915. 
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Viola  purpurea  Kellogg,  var.  venosa  (Wats.)  comb.  nov. 

V.  Nuttallii,  var.  venosa  Watson,  Bot.  King  Exped.  35.     1871. 

V.  aiirea,  var.  venosa  Brewer  &  Watson,  Bot.  Cal.  1 :  56.     1876. 

V,  atriplicifolia  Greene,  Pitt.  3.  38.     May,  1896.  ; 

F.  Thorii  Nelson,  Bull.  Torr.  CI.  27 :  193.     1900. 

V.  venosa  (Wats.)  Piper,  Contrib.  U.  S.  Hb.  11 :  393.     1906. 

V,  atriplicifolia  Thorii  Nels.,  Coulter's  Man.  321.     1909. 

Watson's  original  collection  was  made  in  the  mountains  of  north- 
west Nevada,  "from  the  West  Humboldt  to  the  Watsatch  usually  near 
the  snow  line."  I  have  a  specimen^  from  Plumas  County,  Cal.,  quite 
like  one  of  Watson's  types. 

The  above  synonymy  indicates  a  wide  distribution  of  this  variety, 
but  a  careful  study  of  the  specimens  shows  a  marked  sameness  of 
character  except  in  the  contour  of  the  root-leaves,  that  vary  all  the 
way  from  nearly  entire  to  coarsely  dentate  or  shallowly  lobed;  and 
these  forms  occur  sometimes  in  the  same  locality.  This  has  made  it 
difficult  for  authors  to  determine  to  what  species  the  variety  should 
be  attached,  if,  indeed,  it  should  not  bear  a  specific  name  of  its  own. 
To  me,  its  affinity  seems  nearest  to  V.  purpurea  Kellogg,  in  the  neigh- 
borhood of  which  it  is  frequently  found  in  Nevada,  California  and 
Oregon. 

The  line-drawing  is  of  a  plant  from  "The  Craggs"  (altitude 
8,250  feet),  Deer  Park,  Placer  Co.,  Cal.,  Brainerd,  coll.,  July  19,  1915. 


»Mr8.   Austin,  coll.,   1877.     C.  G.  Prinicle.  donor. 
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Viola  chrysantha  Hooker,  Icoiics  Plantarum,  t.  49.     1837.     Species 
No.  49. 

The  description  of  Hooker  and  the  accompanying  plate  are  in 
many  respects  faulty,  apparently  due  to  defects  in  the  type  specimen 
or  to  its  receiving  some  later  injury.  A  more  complete  diagnosis  was 
given  a  year  later  in  Torrey  and  Gray's  Flora  1 :  143,  1838,  where 
the  lower  petal  is  correctly  described  as  "slightly  saccate  at  the  base." 

The  type  of  Douglas  was  collected  at  Monterey,  lat.  36 j!^**  N.  on 
the  coast  of  California.  The  fine  color-plate  here  presented  is  from 
a  painting  by  Mathews,  based  on  a  dried  plant  collected  at  Big  Bear 
Lake,  altitude  7,200  feet,  near  the  city  of  San  Bernardino,  Cal.,  May  26, 
1917,  G.  D.  LaMotte,  coll. 

This  violet,  seems  not  to  be  abundant  in  any  one  locality,  but 
has  been  collected  in  about  10  different  counties,  as  appears  by  mounted 
specimens  in  the  University  Herbarium  at  Berkeley,  Cal.  The  writer 
has  a  flowering  specimen  from  Plumas  County,  collected  by  Mrs.  Ames, 
1876,  and  one  from  Shasta  County,  Alice  Eastwood,  June  and  July, 
1912.  Howell  reports  it  from  Medford,  Ore.,  21  miles  north  of  the 
California  line.  Probably  many  other  stations  will  be  found  from 
time  to  time  in  this  large  state  extending  through  nine  degrees  of  lati- 
tude, a  distance  of  600  miles.  The  map  shows  that  a  state  the  length 
of  California,  if  laid  out  on  the  Atlantic  Coast  would  reach  from 
New  York  City  as  far  south  as  Savannah,  Ga. 

V.  chrysantha  was  most  appropriately  called  by  the  elder  Hooker 
the  "golden  flower,"  and  may  justly  be  classed  with  V,  pedunculata, 
V.  Hdlii  and  V.  cuneata  as  one  of  the  most  beautiful  violets  of  the 
Pacific  coast. 


8«e  color-plate,  8pecle8  No.  49,  opposite  page  188. 


Species  No.  50— VIobi  Sheltonll  Torr. 
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Viola  Sheltonii  Torr.  in  Whipple  Survey  35th  Parallel,  Pacif.  R.  R. 
report  4:  67,  t.  2.     1856.     Species  No.  50. 

Five  localities  are  given  for  this  species  in  the  Synop.  Fl.,  namely, 
Colusa,  Lake  and  Plumas  Counties,  Cal.,  southern  Oregon  and  White 
Salmon  Valley,  Wash.  In  1913,  Eggleston  collected  it  in  Calaveras 
County,  and  in  1912,  Miss  Eastwood  in  Placer  County,  Cal.  In  Tor- 
rey's  original  publication  only  the  type  station  is  cited,  '^hillsides,  Yuba, 
near  Downieville,  May  8  (1854,  Dr.  J.  M.  Bigelow),"  Sierra  Co.,  Cal. 

V,  biternata  Greene*  is  to  me  not  distinct  from  V.  Sheltonii  except 
as  growing  much  farther  east.  I  have  a  leaf  of  Greene's  type  which 
is  a  good  match  for  those  of  V.  Sheltonii.  The  types  of  V.  biternata 
are  C.  F.  Baker's  No.  42,  from  Cerro,  Colo.,  and  No.  233,  from  Grand 
Mesa,  Colo.,  June,  1901. 

These  scattered  stations  stretching  for  over  575  miles  north  and 
south  will  probably  in  time  be  connected  with  scores  of  others. 

Our  line-drawing  is  a  copy  of  the  illustration  "t.  2"  that  appeared 
with  Torrey's  original  report  in  1856. 


1  Plantae  Bakerf,  3:  12.     Nov.,  1901. 
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Viola  Beckwithii  Torr.  &  Gray  in  Beckwith  Survey  41st  Parallel, 
Pacific  R.  R.  report  2:  119,  t.  1.     1855.     Species  No.  51. 

The  type  came  from  Diamond  Mountain,  Eureka  Co.,  Nev.,  "be- 
tween Great  Salt  Lake  and  the  Sierra  Nevada."  I  have  a  specimen, 
given  me  by  Coulter,  collected  by  Mrs.  R.  M.  Austin  at  Plumas  County, 
Cal.,  about  250  miles  west  of  the  type  station;  one  from  Golconda, 
Humboldt  Co.,  Nev.,  about  50  miles  nortjiwest  of  the  type  station ;  and 
a  third  from  Salt  Lake  City,  Utah,  A.  O.  Garrett,  coll.,  April  19,  1912. 
But  most  helpful  of  all  is  a  large  collection  from  Verdi,  Nev.,  almost 
on  the  Calif ornian  border,  20  miles  north  of  Lake  Tahoe,  made  April 
1,  1921,  and  sent  me  well  preserved  by  Mrs.  Viola  Brainerd  Baird. 
These  specimens  are  quite  hirsute  as  in  the  type,  and  reveal  a  flower 
that*  may  be  thus  described :  Upper  petals  dark  violet ;  lateral  petals 
lilac  to  white,  the  base  yellow  and  bearded;  spur  petal  longer,  lilac, 
the  yellow  base  marked  with  7-9  purple  striae,  but  plants  occur  with 
spur  petal  varying  to  white. 

Torrey,  in  his  account  of  V,  Sheltonii,  1856,  casually  speaks  of 
the  two  upper  petals  of  V,  Beckwithii  as  "purple,"  and  in  the  original 
report  of  1855,  Torrey  and  Gray  call  them  "deep-violet."  These  two 
terms  are  in  substantial  agreement  with  "dark  violet" 

The  line-drawing  is  an  exact  copy  of  Isaac  Sprague's  t.  1.     1855. 
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Viola  Hallii  Gray,  Proc.  Am.  Acad.  8:  ill.     1872.     Species  No.  52. 

This  is  one  of  the  rarest  of  the  25  North  American  violets  selected 
for  our  color-plates,  and  among  the  latest  to  receive  recognition.  It 
was  originally  published  in  Gray's  report  of  the  plants  collected  by 
Elihu  Hall  in  Oregon.  Fourteen  years  later  in  his  revision  of  North 
American  violets^  he  redescribed  it  as  follows: — "Glabrous  through- 
out ;  the  leaves  of  ovate  or  oblong  or  of  irregular  outline,  sub-pinnately 
or  pedately  about  twice  parted  into  lanceolate  or  linear  lobes,  their 
tips  obtuse  or  acutish  and  callous  apiculate,  veins  or  ribs  indistinct; 
upper  stipules  commonly  foliaceous,  often  enlarged  and  laciniate  or 
entire;  upper  petals  deep  blue,  others  yellow  or  cream-color.  From 
Salem,  Ore.,  to  Humboldt  County,  Cal.  More  caulescent  than  the 
preceding." — V ,  chrysantha,  V.  Beckwithii,  V.  Sheltonii. 

To  this  should  be  added  Dr.  Hall's  description  of  the  living  plant  :^ 
"Two  upper  petals  dark,  velvety  purple,  almost  black,  lowest  petal 
white  with  yellow-veined  base,  lateral  petals  same  color  with  short, 
hairy  patch  on  claws."  This  indicates  a  flower  much  like  that  of 
V.  cuneata,  see  color-plate  species  No.  64.  In  the  Synoptical  Flora 
the  term  "violet-purple"  is  used  for  the  upper  petals  of  both  species. 

The  rare  occurrence  of  V.  Hallii  is  indicated  by  the  fact  that  it  is 
now  represented  in  the  Herbarium  of  the  University  of  California  by 
only  three  mounted  specimens,  viz. : 

1.  Salmon  Mountains,  Parker  Co.  and  Trinity  Co.,  Cal.,  July. 

2.  Kneeland  Prairie,  Humboldt  Co.,  Cal.,  May. 

3.  Buck  Mountain,  Humboldt  Co.,  Cal.,  altitude  5,000  feet,  June. 
"Near  the  summit,  frequent  in  gravelly,  open  spots  in  the  chap- 

paral." 

The  color-plate  is  of  a  water-color  by  Mathews  (May,  1918), 
based  on  a  specimen  in  the  Gray  Herbarium  from  Grant's  Pass,  Ore., 
the  color  after  description  in  the  Synoptical  Flora,  "Petals  strongly 
two-colored,  lateral  and  lower  yellow  or  cream-color." 

The  line-drawing  is  from  the  same  specimen,  with  added  roots. 


»  Bot.  Gaz.  11 :  253-6.     Nov..  1886. 

*  In  letter  from  Mrs.  Viola  Brainerd  Balrd.  Berkeley,  Cal. 

See  also  color-plate,  Hpecles  No.  68,  opposite  pa^e  1S2. 
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Vi<^  trinervata  Howell,  Gray  in  Bot.  Gaz.  11:  290.    Nov.,  1886. 

Species  No.  53. 
V.  chrysantha  var.  glaberima  Torr.,  Bot.  Wilkes  Exped.  238.     1874. 
V.  Beckwithii  var.  trinervata  Howell,  Bot.  Gaz.  8:  207.     1883. 

Through  the  kindness  of  Mr.  W.  R.  Maxon,  Associate  Curator  of 
the  National  Museum,  I  have  been  able  to  examine  seven  sheets  of  this 
rare  species  as  described  in  the  following  table : 


Station  Lat. 

Interior     of     Washington 
Territory 


Klickitat  County,  Wash.        45**  54' 


Collector 


Number  in 
Date  of      National 
Collection  Herbarium 


Wilkes   Explor-     1841.  7474 

ing  Expedition, 
No.  1106. 

Thomas  Howell.    April,      1882     7476 

"Ex  herb. 
Wm.  M.  Can- 
by." 


North  Yakima,  Wash.  46' 


Juniper  Springs,  Malheur 
Co.,  Ore.,  Alt.  4,335 
feet 

Hill  near  Ellensburg,  Wash.    47' 


Mount  Rainier  Forest  Re-    46' 
serve,  Wash. 


38'    From   Frittilla-  7475 

ria  Club,  1890. 

John  B. 
Leiberg,      2280. 


Tune  15, 1896.     276  193 


Kirk  Whited, 
No.  606. 

55'    J.  B.  Fleet. 


Stehekin, 
ington. 


eastern     Wash-    48°  16'    David   Griffiths    June, 

&  J.  S.  Cotton,    in  fl. 


April  8,  1898, 
in  fl. 

June  5,  1899. 
1902, 


366  336 


415  548 


527  524 


The  color  of  the  petals  may  be  learned  fairly  well  from  the  notes 
of  collectors  or  from  the  dried  specimens.  In  the  Bot.  Gaz.,  1886, 
Gray  quotes  Torrey  as  saying  in  his  1874  paper  that  "the  upper  petals 
are  purplish  and  the  others  yellow  (doubtless  from  Pickering's  notes)." 
Howell  in  his  Flora  of  northwest  America,  March,  1897,  says  **upper 
petals  dark  blue,  the  others  pale  blue  with  a  yellow  base."  This  prob- 
ably is  a  not  infrequent  misuse  of  the  word  "blue"  for  "violet,"  as  we 
commonly  speak  of  "the  blue  violets,"  avoiding  the  correct  but  awkward 
term  "violet  violets." 

In  specimen  No.  7475  National  Herbarium  the  upper  petals  are 
plainly  dark  violet  as  in  V,  Beckwithii,  and  one  spur-petal  has  nine 
striae  on  its  lower  half.  The  upper  dark  petals  are  to  be  seen  also  on 
specimens  No.  366  336  and  No.  527  524  Nat'l  Hb. 

Our  line-drawing  is  from  specimen  No.  7476  Nat'l  Mb.,  T.  Howell, 
coll.,  April,  1882,  "ex  herb.  Wm.  M.  Canby." 
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V.  hastaU  Michx.,  Bor.  Am.  2:  149.     1803.     Species  No.  54. 

The  species  was  well  described  by  Michaux,  and  also  nine  years 
later  by  Pursh.  LeConte,  1826,  for  reasons  that  will  appear  later,  re- 
garded V.  tripartita  Ell.  as  a  variety  of  V.  hastata,  and  Gray  40  years 
afterward  endorsed  this  opinion.^  But  there  is  a  radical  difference 
between  the  two.  The  rootstock  of  V.  hastata  is  brittle,  whitish,  and 
has  capillary  roots;  that  of  V.  tripartita  is  woody,  brown,  and  has 
coarse,  fibrous  roots.  A  comparison  of  the  color-plate  of  the  former 
with  the  line-drawing  No.  56  of  the  latter  reveals  their  specific  unlike- 
ness,  both'in  foliage  and  rootstock. 

But  F.  tripartita  is  closely  associated  with  a  form  having  uncut 
leaves :  V.  hastata  var.  glaherrima  Gingins  in  DeCandolle's  Prodromus 
1 :  300.  1824.  This  was  published  in  1900  as  V.  tripartita  var.  gla- 
berrima  (Gingins)  Harper,^  a  plant  often  found  in  the  vicinity  of  Bilt- 
more  alid  Tryon,  N.  C,  and  as  far  southwest  as  Tuscaloosa,  Ala.  The 
writer  has  visited  these  stations  and  found  Elliott's  species  and  Harper's 
variety  of  it  to  be  often  associated  and  intergrading.  The  habitat  is 
that  well  described  by  LeConte — "dark  forests  and  ravines  where  the 
soil  is  enriched  by  dead  leaves  and  rotten  wood."  He  speaks  of  its 
close  relationship  to  V.  pubesccns,  so  that  it  may  be  doubted  if  the  two 
are  distinct.  Two  of  his  water-colors  well  represent  V.  tripartita  Ell. 
and  Harper's  intergrading  variety. 

But  it  is  evident  in  the  light  of  recent  discoveries  that  we  have 
here  a  case  of  dimorphism  where  a  species  and  its  variety  for  successive 
generations  interbreed.  This  we  have  seen  occurs  with  V.  Brittoniana 
and  V.  pectinata,  also  in  V.  lobata  of  the  West  and  its  variety  inte- 
grifolia  Watson ;  and  in  other  genera  than  Viola.  A  noted  example  is 
Phaseolus  muitiflorus,  an  American  species  with  scarlet  flowers  and 
seeds,  but  interbreeding  even  in  the  wild  with  an  albino  variety. 

V.  hastata  is  found  from  Pennsylvania  and  Ohio  south  to  Liberty 
County,  Fla.,  about  30  miles  southwest  of  Tallahassee,  usually  in  rich 
woodlands.  Our  color-plate  is  based  on  a  herbarium  specimen  from 
Tryon,  N.  C,  Brainerd.  coll.,  April  7,  1909.  See  also  Nos.  62  and  63 
of  my  Distribution  of  Eastern  North  American  V^iolets,  1910. 


>  Bot.  Gaz.   11 :  291.     Nov.,  1886. 

'Bull.  Torr.  Bot.  Club  27:  337. 

$ee  color-plate,  Hpecies  No.  54,  opposite  pa^c  1S2, 
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Species  No.  65 — Viola  lobala  Benth. 
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Viola  lobata  Beiith.,  PI.  Hartweg.  298.    Species  No.  55. 

This  species  is  almost  confined  to  California.  Its  range  is  from 
the  Yosemite  Valley  north  to  Nevada  City,  thence  north  to  the  con- 
tiguous counties  Plumas,  Butte  and  Siskiyou,  and  four  miles  north  of 
California  to  Siskiyou,  Ore. 

The  synonym  V.  sequoiensis  Kellogg*  came  from  Nevada  City, 
Nevada  County.  Mrs.  Baird  and  I  visited  the  station  July  31,  1915,  and 
collected  numerous  specimens — ^all  typical  V.  lobata.  The  supposed 
Sequoias  proved  to  be  firs. 

The  dimorphism  of  V,  lobata  and  its  var.  integrifolia  Watson*  is 
discussed  under  V.  hastata  Michx.,  sp.  No.  54;  see  also  under  V.  tri- 
partita Ell.,  sp.  No.  56.  It  is  gratifying  to  know  that  Dr.  Gray' 
fully  recognized  the  confluence  of  V,  lobata  with  its  digitately  cleft  or 
lobed  leaves,  and  its  very  distinct  variety  "with  mostly  deltoid  or 
rhombic-ovate,  often  caudate-acuminate  leaves." 

Our  line-drawing  is  a  reproduction  of  fig.  55,  V,  seqiwiansis 
Kellogg. 


^Proc  Cal.  Acad.  2:  185.  tig.  55.     1863. 

sy.  Brookaii  Kellogg.     Cal.  Hort.  9:  281.     1879. 

•Bot.  Gaz.  11:  290.     Nov.,  1886. 
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Species  No.  56— Viola  lrl|mrtila  Ell. 
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Viola  tripartita  Ell.,  Bot.  S.  C.  &  Ga.  1 :302;     1817.    Species  No.  56. 

The  type  of  Elliott's  species  came  from  near  Athens,  Jackson  Co., 
Ga.,  but  the  species  is  best  developed  in  the  western  mountains  of  the 
Carolinas.  Its  botanical  history  is  connected  with  a  plant  having  un- 
cut foliage  usually  growing  with  it.  This  was  first  described  by 
Schweinitz^  as  ''V.  striata  LeConte  and  Nobis.  Non  V.  striata  aucto- 
rum."  His  description  is  detailed  and  exact  and  the  plant  can  be  posi- 
tively identified.  Two  years  later  it  appeared  as  V.  hastata  var. 
glaberrima  DC,  Prodr.  1 :  300.     1824. 

In  1826,  LeConte  in  his  monograph  of  Viola^  held  the  plant  to  be 
doubtfully  distinct  from  V,  pubescens  Ait.,  but  published  both  this  and 
F.  tripartita  as  varieties  1  and  2  of  V.  hastata.  Two  of  his  extant 
water-colors  are:  (1)  Typical  V,  tripartita;  (2)  a  plant  somewhat 
resembling  V.  pubescens  Ait.  in  foliage,  but  not  in  pubescence  nor  in 
cordate  leaf.  In  1900  the  latter  plant  was  renamed**  F.  tripartita  Ell. 
var.  glaberrima  (Ging.)  Harper. 

With  the  new  century,  material  accumulated  rapidly.  Many  speci- 
mens were  distributed  from  Biltmore,  N.  C,  by  Pollard,  by  Eggleston, 
and  from  Oconee  County,  S.  C,  by  H.  D.  House.  In  April,  1909  and 
in  1910,  I  visited  the  stations  in  Biltmore  and  Tryon,  N.  C,  and  in 
Tuscaloosa,  Ala.,  and  found  the  uncut-leaved  variety  usually  growing 
with  V.  tripartita  and  variously  intergrading  with  it.  See  Nos.  173 
and  174  of  Distribution,  1910,  for  these  two  forms. 

As  already  stated  under  V.  hastata,  sp.  No.  54,  we  have  here 
evidently  a  case  of  dimorphism,  where  a  species  repeatedly  interbreeds 
with  its  variety  and  the  crossing  is  followed  by  Mendelian  reversion. 

The  line-drawing  is  of  a  specimen  from  Biltmore,  N.  C,  April  20, 
1910. 


»Ain.  Joup.  Scl.  5:  76.  April.  1822. 
»Ann.  Lye.  N.  Y.  2:  151.   1826. 
'Bull.  Torr.  CI.  27:  337.  1900. 


Si)e<'les  No.  &7— TloU  ^Ubella  Nutt. 
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Virfa  glabella  Nutt.  in  Torr.  &  Gray  Fl.  1 :  142.     1838.    Species 
No.  57. 

Gray*  states  that  this  is  "a  Pacific  species  ranging  from  the  middle 
parts  of  California  to  Alaska  and  to  Japan;  its  northernmost  forms 
coming  too  near  the  Asiatic,  V.  uniflora  L.,  while  its  most  eastern  in 
the  northern  Rocky  Mountains  are  not  easily  distinguished  from  V, 
pubescens." 

The  most  northern  station  represented  in  my  herbarium  is  Prince 
Rupert,  B.  C,  lat.  54''  N. ;  thence  it  ranges  south  in  two  different  lines, 
one  near  the  coast,  often  at  sea-level,  to  Marin  County,  Cal.,  the  other 
more  inland  through  Salem,  Ore.,  and  along  the  Sierra  Nevada,  at 
altitudes  from  3,500  to  7,500  feet,  to  the  Yosemite  Valley,  Cal.,  lat. 
38°  N.  All  these  stations  are  congenial  to  this  Alaskan  species,  as 
they  have  about  the  same  low  temperature,  due  to  the  northern  currents 
of  the  ocean  on  the  east  and  to  the  snows  of  the  Sierra  Nevada  on 
the  west. 

A  few  stations  for  V.  glabella  occur  in  northeastern  Washington, 
northern  Idaho  and  Montana ;  but  V,  pubescens  and  V,  eriocarpa,  the 
nearest  of  kin,  though  markedly  diflFerent,  occur  only  800  miles  to  the 
east. 

Our  line-drawing  is  of  a  herbarium  specimen  from  Five  Lakes 
(altitude  7,540  feet),  Placer  Co.,  Cal.,  coll.,  Mrs.  Viola  Brainerd 
Baird  and  E.  Brainerd,  July  15,  1915. 


>Bot.  Qaz.  11:  291.     Nov..  1886. 


Species  No.  5S— VIolk  ertocarpa  Schw«in. 
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Viola  eriocarpa  Schwein.,  Am.  Jour.  Sci.  S :  75.     1822.    Species  No. 
Vi<^  pubescens  Ait.,  Hort.  Kew.  3 :  290.     1789.    Species  No.  59. 
58. 

These  two  species  are  best  discussed  together.  The  line-drawings 
show  their  marked  unlikeness  when  isolated  from  each  other.  But 
when  growing  together  their  characters  are  more  or  less  commingled. 
We  have  discussed  a  similar  confluence  of  V.  fimbriatula,  V,  emarginata 
and  V.  sagittata.  For  this  exchange  of  characters  between  two  allied 
species  DeVries^  coined  the  word  "vicinism.** 

The  most  characteristic  V,  pubescens  is  found  from  lat.  40°  to 
49°  N.,  between  Nova  Scotia  and  the  Dakotas ;  farther  south  it  occurs 
mainly  in  the  Appalachian  Mountains.  Schweinitz  says  it  is  never 
met  with  in  Salem,  N.  C.  Typical  V,  eriocarpa  is  found  from  lat.  35° 
to  36j4°  between  western  North  Carolina  and  northeastern  Oklahoma. 
Schweinitz  devotes  a  whole  page  to  the  description  of  V,  eriocarpa, 
tabulating  a  dozen  points  of  distinction.  An  additional  mark  of  dif- 
ference is  the  coarseness  or  fineness  of  the  dentation.  Usually  the 
stem-leaf  of  V.  eriocarpa  has  25  to  30  teeth,  that  of  V.  pubescens,  30 
to  45. 

In  connection  with  this  description,  note  line-drawing  on  both 
pages  130  and  132. 


>  Species  and  Varieties,  p.  188.     1904. 
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Species  No.  69~Vlola  pabesceu  Alt. 


Species  No.  49— TIoIb  chrfaantha  Hooker 


species  No.  52a~-TIolM  Hmllll  Gray 


W1-',   - 


^ 


Species  No.  54— Viola  hastaU  MIcbx. 
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Schweintz  at  first  called  his  plant  scabriuscula  from  "the  dispersed 
hairs  on  the  nerves"  and  under  V,  pubescens  a  variety  scabriuscula,  is 
given  in  Torrey  and  Gray's  Flora,  1838,  citing  ^'V.  scabriuscula 
Schwein.  MS."  In  1886,  Gray  well  said  it  "should  have  been  named 
glabriuscula  for  it  really  is  not  scabrous."  In  habitat  V,  pubescens 
affects  dry,  rich  woodlands,  V.  eriocarpa,  low  open  woods  and  rich 
meadow  bottoms. 

Our  illustration  of  V.  eriocarpa  is  from  a  herbarium  specimen 
collected  near  Muskogee,  Okla.,  March  31,  1908;  that  of  V.  pubescens 
is  a  copy  of  Reichenbach's  Ic.  PL  Crit.  1 :  45,  t.  53,  fig.  Ill,  1823.  Spe- 
cimens of  V.  pubescens  may  be  seen  in  Nos.  126  and  127  of  my  Dis- 
tribution of  Violets,  1910,  and  of  V.  eriocarpa  in  Nos.  144,  145,  146 
and  147. 
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Species  No.  60 — Tiola  mgnloBa  Gre«iie 
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Viola  nigulosa  Greene,  Pitt.  5 :  26.    Sept.,  1902.    Species  No.  60. 

The  most  northern  station  known  is  Hazelton,  B.  C,  lat.  SSj/i**, 
Prof.  J.  K.  Henry,  June  11,  1915.  It  is  reported  in  seven  states  to  the 
south  and  east  of  British  Columbia. 

1.  Montana:  Park  and  Sweet  Grass  Counties,  Eggleston,  May 
11,  and  June  25,  1912. 

2.  Wyoming :  Dale  County,  Greene ;  Laramie,  Coulter. 

3.  Colorado:  Boulder,  Fort  Collins,  Eldora;  abundant  material 
from  D.  M.  Andrews,  E.  Bethel  and  E.  R.  Cross. 

4.  Nebraska :  Missouri  River  bluffs,  Dixon  County,  A.  A.  Hunter, 
Coll.,  June  18,  1900;  sent  out  from  U.  S.  Nat'l  Hb.  as  F.  canadensis, 

5.  Minnesota :  along  Mississippi  River  at  Fort  Snelling,  8  miles 
below  Minneapolis. 

6.  lo^a :  111.  Fl.  2 :  559,  1913.  Station  not  reported,  probably  on 
the  river  below  Fort  Snelling. 

7.  Washington :  First  Thought  Mountain,  Colville  Forest,  Stevens 
County,  4,000  ft.  alt.,  July  19,  1916;  13128,  Eggleston. 

In  its  characters  the  species  connects  V.  pubescens  with  V.  cana- 
densis. It  is  noteworthy  for  its  vigorous  branching  stolons,  well  under- 
ground, by  means  of  which  the  plant  spreads  rapidly  in  the  wild  and 
in  the  garden,  quite  after  the  manner  of  Quitch-grass  (Agropyron 
repens).  This  character  escaped  the  attention  of  Greene  who  says  the 
rootstock  does  not  seem  to  differ  from  that  of  V.  canadensis.  It  at- 
tracted my  attention  when  growing  plants  were  examined  in  the  New 
York  Botanical  Garden  which  were  received  through  Mr.  Andrews 
from  the  Boulder  station.  This  led  me  to  secure  live  plants  from  Fort 
Snelling,  through  the  kindness  of  Clement,  to  determine  if  they  were 
not  also  stoloniferous.  Greene  applied  the  name  rugulosa  only  to  the 
Minnesota  plant ;  that  of  the  Rocky  Mountain  region  he  named,  a  page 
later,  V,  Rydbergii.  But  the  one  is  hardly  distinguishable  from  the 
other. 

The  illustration  of  V.  rugulosa  is  copied  from  a  water-color  painted 
May,  1915,  of  a  specimen  ex  horto  Middlebury,  Vt.,  transplanted  from 
Fort  Snelling,  Minn.,  1911.  No.  138  of  my  Distribution,  1910,  repre- 
sents the  Rocky  Mountain  plant,  cultivated  from  Boulder  since  1898  at 
Bronx  Park,  N.  Y.,  and  also  later  at  Middlebury,  Vt. 
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Species  No.  61 — Tlola  eanadensls  L. 
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Viola  canadensis  L.  Sp.  PI.  936.     1753.    Species.  No.  61. 

This,  the  most  widely  distributed  North  American  violet,  ranges 
from  New  Brunswick  to  Saskatchewan,  in  the  east,  south  to  Alabama, 
and  in  the  Rocky  Mountains  south  to  Arizona  and  New  Mexico. 
Its  habitat  is  wooded  uplands,  or  in  the  South,  mountain  forests. 
Schweinitz,  who  lived  at  Salem,  N.  C,  half  way  between  Raleigh  and 
the  Blue  Ridge,  says  it  is  rarely  found  there  and  exclusively  in  the 
higher  mountains.  I  have  a  fruiting  specimen  from  the  most  western 
county  of  South  Carolina — House  No.  2080,  May  5,  1906 — and  I  col- 
lected it  in  flower  April  21,  1910,  at  Mount  Tryon,  N.  C,  and  near 
Tuscaloosa,  Ala.,  March  28,  1911,  lat.  33° — ^the  most  southern  known 
station. 

Greene,^  loth  to  believe  one  species  could  have  so  wide  a  range, 
published  four  "segregates"  that  do  not  appear  to  be  specifically  dis- 
tinct. One  he  named  V.  geminiflora,  the  type  from  Nez  Perce  County, 
Idaho.  Heller,  June  20,  1896,  lat.  46J^^  I  collected  it  August  21, 
1897,  on  Sulphur  Mountain,  Banff,  Alberta,  altitude  6,500  ft.,  lat.  52**, 
and  have  a  specimen  from  Millspaugh,  collected  June  9,  1913,  at 
Ephraim,  Door  Co.,  Wis.,  lat.  45°  12^,  that  matches  well  with  the  two 
previous  collections.  It  seems  to  be  only  a  state  of  V,  canadensis  not 
infrequent,  where  only  two  flowers  appear  at  the  summit  of  the  stem. 
I  regard  V.  discurrens,  V,  neo-mexicana  and  V.  muriculata  as  also 
unsatisfactory  segregates. 

We  have  selected  to  illustrate  V,  canadensis  a  reproduction  of 
Reichenbach's  t.  54,  fig.  113,  Ic.  PI.  Crit.  1 :  45,  1823.  The  two  lower 
details  represent  the  tip  of  a  leaf  and  a  sepal  enlarged ;  but  the  figure 
of  the  plant  is  reduced  to  one-half  its  natural  size. 


1  Pitt.  5  :24.     S«pt,  1902. 
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Species  No.  82 — Tlola  sCDpnlornm  (Gray)  Greene 
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Viola  scopttlormn  (Gray)  Greene,  Pitt.  5 :  27.    Sept.,  1902.    Species 

No.  62. 
V.  canadensis  var.  scopulorum  Gray,  Bot.  Gaz.  11 :  291,  Nov.,  1886. 

Gray  describes  this  variety  thus:  "A  diminutive  and  depressed 
form  of  which  the  most  characteristic  form  was  collected  in  Clear 
Creek  Cafion  (Colorado)  by  Greene."  This  brief  account  is  fully 
supplemented  by  Greene  in  Pitt.  5 :  27. 

Through  the  kindness  of  Mr.  E.  Bethel  and  E.  R.  Cross,  I  re- 
ceived living  plants, from  the  type  station^  and  dried  specimens  from 
the  vicinity,  and  after  growing  the  plant  for  three  years  was  thoroughly 
convinced  of  its  right  to  specific  recognition.  The  length  of  the  stem 
and  the  size  of  the  capsule,  leaf  and  seed  are  but  half  that  of  V,  cana- 
densis. The  stem  branches  freely,  each  branch  bearing  flowers  and 
abundant  fruit  as  the  season  advances. 

Our  line-drawing  is  from  a  herbarium  specimen  ex  horto  Mid- 
dlebury,  Vt.,  May  15,  1913,  transplanted  from  Boulder,  Colo.,  July, 
1912.    E.  Bethel,  collector  and  donor. 


*  Clear  Creek  Canyon,  Colo. 


species  No.  63— Vktla  oc«llRbi  Torr.  ft  Gray 
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Viola  ocellaU  Terr.  &  Gray,  No.  Am.  Fl.  1 :  142.    July,  1838.    Spe- 
cies No.  63. 

A  woodland  species  of  limited  range  from  Cow  Creek  Mountains, 
Ore.,  to  Monterey  County,  Cal.  The  upper  petals  are  dark  purple; 
the  lateral  pale  yellow  to  white  with  a  violet  spot  at  base  of  each,  a 
character  that  suggested  the  specific  name  "the  two-eyed  violet";  the 
lower  petal  also  yellow  to  white,  larger,  with  several  violet  striae  on 
the  lower  half.  The  rootstocks  are  often  long  and  stolon-like,  several 
from  a  bunch  of  coarse,  fibrous  roots;  from  them  arise  one  or  more 
radical  leaves  and  flowering  stems  with  a  tuft  of  scarious  stipules  at 
the  base. 

Beautiful  specimens  of  this  species  were  collected  April  15,  1916, 
in  the  Santa  Cruz  Mountains  by  my  daughter,  Mrs.  Viola  Brainerd 
Baird,  of  Berkeley,  Cal.  When  put  in  press,  strips  of  thin  parafHn 
paper  were  laid  over  the  flowers,  to  prevent  their  fading  from  contact 
with  air  or  moisture.  This  method  was  so  successful  that  even  now 
after  six  years  the  color  of  the  flowers,  when  the  parafHn  papers  are 
removed,  is  nearly  as  good  as  in  Mathews'  water-color  of  this  beautiful 
violet. 

The  line-drawing  is  based  on  a  herbarium  specimen  from  Mount 
Tamalpais,  Cal.,  just  north  of  the  Golden  Gate,  collected  June  6,  1899, 
by  Miss  Alice  Eastwood. 
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cuneata  Watson,  Proc.  Am.  Acad.  14:  290.     1879.     Species 
No.  64. 

One  of  the  rarest  of  our  western  violets  first  collected  in  June, 
1878,  and  described  by  Watson  as  follows:  "glabrous:  stem  a  span 
long,  leafy,  ascending  from  a  short  rootstock;  leaves  rhombic-ovate, 
acute,  alternate  at  base  with  a  slender  petiole,  crenately  toothed  above ; 
petals  deep  purple,  more  or  less  bordered  or  blotched  with  white, 
beardless,  4  lines  long ;  spur  very  short,  yellowish ;  capsule  glabrous. — 
Humboldt  County,  Cal.,  on  a  high,  open  ridge  south  of  Trinity  River ; 
V.  Rattan,  June,  1878.  Allied  to  V.  ocellata  and  F.  Hallii,"  At  about 
the  same  time  this  description  also  appeared  in  Brewer  and  Watson's 
Bot.  of  Cal.,  vol.  2,  p.  433. 

In  Gray's  final  revision  of  Viola,  November,  1886,  he  says  under 
V.  cuneata  Wats.,  "mountain  woods  in  the  northern  part  of  California 
and  adjacent  Oregon.  Distinguished  from  the  preceding  (V,  ocellata) 
by  its  smoothness  and  its  rhombic-ovate  or  cuneate  leaves,  only  the 
radical  ones  cordate."  I  have  a  specimen  of  this  rare  species  collected 
by  Miss  Alice  Eastwood  in  the  northwest  corner  of  California,  Gas- 
quets,  Del  Norte  County,  April  23,  1907;  and  also  specimens  from 
"dry  soil  in  open  forest,  old  Eddy  place  on  Eddy  Creek,  Shasta  Forest, 
Cal.,  altitude  about  3,500  ft.,  Eggleston  11,563,  August  11,  1915. 
Upon  one  of  these  latter  plants  is  based  the  color-plate  of  this  species, 
the  flower  being  drawn  like  those  of  V,  ocellata  as  described  in  the 
Synoptical  Flora. 

That  the  species  is  still  rare  is  shown  by  the  fact  that  Mrs.  Viola 
Brainerd  Baird  has  recently  reported  that  the  mounted  specimens  from 
California  in  the  University  Herbarium  at  Berkeley  are  all  from  the 
three  northern  counties  on  the  coast  and  from  the  two  adjacent  counties 
of  Trinity  and  Siskiyou. 


See  color-plate»  Sperles  No.  (14,  opposite  pare  112. 
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Vida  Flettii  Piper,  Ery thca  6 :  69.     1898.     Species  No.  65. 

Only  four  sheets  of  this  rare  and  distinct  violet  are  in  the  Na- 
tional Herbarium,  viz. : 

1.  The  type:  "Seams  of  rocks,  Olympic  Mountains,  Wash., 
July  20,  1897,  collected  by  J.  B.  Flett,  Tacoma,  Wash."  No.  529,412 
Nat'l  Hb. 

2.  Another  specimen,  "Rocks  and  crags,  summit  of  Olympic 
Mountains,  July  20,  1897,  collected  by  J.  B.  Flett."  A  "cotype."  No. 
354,059  NatT  Hb. 

3.  High  cliffs  of  the  Olympic  Mountains,  near  Mount  Constance, 
August,  1898,  collected  by  J.  B.  Flett.     In  fruit.  No.  529,411  Nat'l  Hb. 

4.  Talus  slopes  near  summit  of  Mount  Angeles,  Clallam  Co., 
Wash.,  July  1,  1908,  collected  by  J.  B.  Flett.  No.  620,483  NatU  Hb. 
This  mountain  is  near  the  south  coast  of  Strait  of  Juan  de  Fuca,  long. 
123^°  W. 

In  Piper's  Fl.  of  Wash.,  p.  394,  1906,  a  specimen  is  cited  collected 
by  Henderson,  No.  1847. 

In  Piper's  and  Beattie's  Flora  of  the  Northwest  Coast,  p.  243 
(1915)  we  are  told  that  the  species  seems  most  nearly  related  to  V. 
cuneata  Watson  (1879),  i.  e.,  in  the  structure  and  color  of  flower;  but 
in  aspect  (i.  e.,  foliage)  the  plant  more  closely  resembles  V,  glabella. 
Piper  describes  the  petals  as  "lavender-violet,  yellow  at  base  with  dark 
purple  veins."  Some  indication  of  the  color  of  the  petals  is  to  be  found 
in  the  type  specimens  and  in  that  from  Mount  Angeles. 

1.  The  upper  petals  are  dark  violet  on  outer  surface  or  in  bud. 

2.  The  lateral  petals  are  striate  on  the  upper  surface  and  bearded. 

3.  The  spur  petal  is  violet  with  long  and  numerous  dark  lines. 
The  flower  is  thus  much  as  in  V.  cuneata  or  V.  ocellata. 

Our  line-drawing  is  based  for  flowers  on  specimen  2,  a  "cotype," 
July  20,  1897;  for  fruit  on  specimen  3,  Mount  Constance,  August, 
1898. 


Species  No.  66— Viola  striata  Alt. 
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Viola  striaU  Ait.,  Hort.  Kew.  3 :  290.     1789.    Species  No.  66. 

Its  habitat  is  low,  shady  ground  and  along  streams;  its  range, 
New  York  to  Minnesota,  south  to  Georgia,  and  southwest  Missouri, 
but  apparently  rare  in  the  prairies  of  the  Middle  West.  The  specific 
name  was  doubtless  suggested  by  the  8-10  purple  lines,  or  striae,  by 
which  the  spur-petal  is  adorned  for  over  half  its  length.  It  is  one  of 
the  most  variable  of  our  eastern  violets. 

Apparently  the  species  does  not  occur  spontaneously  in  New 
England ;  the  station  reported  for  Connecticut  is  not  recognized  in  the 
catalogue  of  the  Connecticut  Botanical  Society,  1910.  But  in  May, 
1906,  Mrs.  Emily  (Hitchcock)  Terry  sent  live  plants  from  her  garden 
in  Northampton,  Mass.,  which  have  since  increased  with  me  amazingly 
in  number  and  in  size.  One  large  clump  dug  up  August  23,  1921,  had 
a  mass  of  long,  fibrous  roots,  often  branching,  and  60  stems  bearing 
cleistogamous  flowers  and  capsules. 

V.  ochroleuca  and  V,  re  pens  of  Schweinitz^  are  plainly  synonyms 
of  V.  striata  Ait.  His  long  account  of  the  habits  of  these  plants  as 
he  found  them  in  Salem,  N.  C,  is  most  instructive.  V,  ochroleuca 
is  tall,  large-flowered,  in  rich  soil,  borders  of  ponds  and  meadows, 
flowering  in  April,  with  large,  oblong-lanceolate,  "quasi-ciliate'*  ax- 
illary-stipules. V.  repens  is  decumbent,  spreading  and  even  creeping, 
with  smaller  flowers  in  May,  on  the  rocks  of  the  Saura  Mountains  in 
considerable  patches,  the  axillary-stipules  ovate,  strongly  fringed.  One 
might  suspect  that  F.  repens  was  a  local  form  whose  prostrate  stems 
rooted  and  became  stolons,  as  in  the  kindred  species  V,  Walteri. 

On  my  southern  trips  in  April,  1908,  1909  and  1910,  I  collected 
V,  striata  at  several  stations  in  the  higher  mountains  of  western  North 
Carolina.  One  of  these  is  No.  164  of  my  Distribution  of  Violets,  1910. 
In  No.  165  is  to  be  seen  the  autumnal  state  of  the  species  as  grown  in 
Middlebury,  Vt.,  from  the  Northampton  stock. 

The  line-drawing  is  a  reproduction  of  Reichenbach's  "Plantae 
Criticae"  1:  45,  t.  54,  fig.  112,  1823;  his  specimen  is  said  to  be  from 
Philadelphia. 


'Am.  Jour.  Scl.  V:  69-71.     April,  1822. 


2^ 


Species  No.  67— Viola  consprrM  Relchenb. 
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conspersa  Reichenb.,  Plantae  Criticae  1 :  44,  pi.  52,  fig.  108. 
1823.    Species  No.  67. 

In  addition  to  the  color-plate  we  give  a  line-drawing  of  Reichen- 
bach's  fig.  108.  In  his  description  he  states  that  the  leaves  are  marked 
with  black  dots  and  lines  on  the  lower  surface,  as  is  represented  by  the 
detail  marked  F  in  the  line-drawing.  This  appearance  doubtless  sug- 
gested the  specific  name  conspersa,  i.  e.,  besprinkled.  However,  this 
dotted  or  minutely  speckled  herbage  is  not  a  proper  character,  but  the 
effect  of  a  fermentation  induced  by  enzymes  in  specimens  poorly  dried 
or  later  exposed  to  moisture  and  heat.^  It  has  been  observed  in  many 
species  of  Viola,  and  has  suggested  other  specific  names.  Schweinitz, 
unaware  of  Schrank's  V:  labradorica,  named  specimens  from  Labrador 
V.  punctata  because  they  were  covered  with  raised  glandular  dots.^ 
y.  maculata  Cavan,  from  the  Falkland  Islands,  is  another  similar 
name. 

The  earliest  recognition  of  the  plant  is  supposed  to  be  the  "V.  asari- 
folia*'  of  Muhlenberg's  Catalogue;  but  this  is  a  "mere  name"  and  is 
antedated  by  V.  asarifolia  Pursh.  Torrey^  published  it  in  1824  as 
V.  Muhlenbergii,  Later,  Gray*  disposed  of  it  as  "var.  Muhlenbergii" 
of  V.  canina  L.,  an  old  world  species.  There  the  matter  rested  until  in 
Britton's  111.  FL,  1st  ed.,  1897,  it  was  incorrectly  identified  with  V, 
labradorica  Schrank.  In  March,  1911,  the  present  writer  called  atten- 
tion to  V.  conspersa  Reichenb.  as  the  oldest  available  name.** 

The  known  range  of  the  species  is  from  eastern  Quebec  to  Minne- 
sota and  south  to  the  mountains  of  northern  Georgia.  It  is  closely 
allied  to  V.  adunca  (No.  71)  and  to  V,  labradorica,  which  is  found 
as  far  north  as  Greenland,  and  takes  the  place  of  V,  conspersa  in  New- 
foundland. Farther  south  V,  labradorica  occurs  only  in  the  high 
mountains  of  New  England.  See  line-drawing  No.  68,  of  a  specimen 
of  this  from  Mount  Albert,  Gaspe  District,  Que. 


>  See  footnote,  Rhod.  15 :  110.     June.  1913. 
■foliis.  .  .  .  punctis  Klandulosis  tectis. 
»  PI.  U.  S.  1 :  256. 
«Bot.  Oaz.  11:  292. 
•Bun.  Torr.  CI.  88:  195. 

See  also  eolor-plafe,  8pefIeM  No.  «7,  opposite  page  160. 
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Viola  labradorica  Schrank,  Denksch.  Bot.  Gesell.  Regensb.  2:  12. 

1818.    Species  No.  68. 
V.  punctata  Schwein.,  Am.  Journ.  Sci.  5 :  67-68.     1822. 
V,  Muhlenbergiana  Hook.,  Fl.  Bor.  Am.  1 :  178.     1830. 

This  small  species  ranges  from  Greenland  south  along  the  Labra- 
dor coast  to  Newfoundland,  where  it  takes  the  place  of  V,  conspersa 
Reichenb.,  thence  to  the  mountains  of  the  Gaspe  Peninsula,  altitude 
2,300-3,500  feet,  and  of  Maine,  New  Hampshire  and  New  York.  In 
habitat  it  reminds  one  of  V.  glabella  of  the  far  west,  that  ranges  from 
arctic  Alaska  to  middle  California,  near  the  cold  waters  of  the  coast 
or  in  the  highlands  of  the  Sierra  Nevada  at  an  altitude  of  3,500  to 
7,500  feet. 

Schweinitz,  when  living  at  Salem,  N.  C.,  received  specimens  of 
Schrank's  plant  from  his  "revered  friend,  Rt.  Rev.  C.  G.  Hueffel," 
then  a  Moravian  missionary  in  Labrador.  In  ignorance  of  Schrank's 
name  he  published  the  plant  as  V,  punctata  because  of  its  minutely 
speckled  herbage. 

Our  line-drawing  is  based  on  a  herbarium  specimen  from  Mount 
Albert,  Gaspe  District,  Que.,  Collins  and  Fernald,  coll.,  August  11, 
1905. 
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Viola  Walteri  House,  Torreya  6:  172.    Aug.,  1906.    Species  No.  69. 
V.  canina  Walt.,  Fl.  Car.  219,  1788;  not  L.,  1753. 
V.  striata  Ell.,  1817;  not  V.  striata  Ait.,  1789. 
V.  debilis  Schwein.,  1822;  not  V.  debilis  Michx.,  1803. 
V.  Muhlenbergii  var.  multicaulis  T.  &  G.  Fl.  1 :  140,  1838. 
V.  multicaulis  (T.  &  G.)  Britton,  Mem.  Torr.  CI.  5:  227,  1894;  not 
Jordan,  1852. 

This  species  is  found  in  dry  woodlands  from  Kentucky  to  South 
Carolina,  south  to  Gainesville,  Fla.,  and  west  to  Texas.  It  flowers  in 
early  spring  from  a  tuft  of  radical  leaves ;  later  it  sends  out  an  ascend- 
ing but  soon  prostrate  stem,  bearing  cleistogamous  flowers  through  the 
season  and  at  length  rooting  at  the  tip.  In  this  method  of  reproduction 
it  resembles  V.  odorata,  classed  as  a  stemless  violet  with  surface  run- 
ners that  bear  leaves  and  cleistogamous  flowers  and  later  form  new 
plants.  We  have  in  V,  Walteri  a  fine  illustration  of  the  metamorphism 
of  stems  into  stolons. 

The  line-drawing  shows  a  flowering  stem,  collected  at  Mansfield, 
La.,  March  28,  1910,  and  a  fruiting  stem  ex  horto  Middlebury,  Vt., 
August  29,  1911,  transplanted  from  the  Louisiana  station. 


Species  No.  TO—Vlola  repUnx  Robinson 
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Viola  reptans  Robinson,  Proc.  Am.  Acad.  27:  165.     1892.     Species 

No.  70. 
F.  Pringlei  Rose  &  House,  Cont.  U.  S.  Nat.  Mus.  29:  444.     1905. 

The  description  is  based  on  material  collected  in  November,  1890, 
among  the  hills  of  Patzcuaro,  Michoacan,  Mex.  (C.  G.  Pringle's  No. 
3591).  For  petaliferous  flowers  it  should  be  supplemented  by  collec- 
tions made  in  spring  or  summer. 

Through  the  courtesy  of  Mr.  W.  R.  Maxon,  Associate  Curator, 
the  following  specimens  have  been  secured  for  study  from  the  National 
Herbarium. 


Number 

in 

Date 

National 

Town 

State 

Latitude 

Collector 

collected 

Herbarium 

Cuernayaca 

Mor^los 

18**  55' 

Rose  and  Hough 

5/27-30/99 

346,787 

Pftchucha 

Hidalgo 

20**  10' 

Rose  and  Hough 

6/1/99 

,  346,440 

Salazar 

Mexico 

19**  30' 

Rose  and  Painter 

9/4/03 

451,657 

Patzcuaro 

Michoacan 

19°  30' 

C.  G.  Pringle 

7/3;  10/14/92       7,491 

Cafion  San 

Southwest 

31"  30' 

Dr.  Edgar  A.  Mearns 

9/11/93 

233,392 

Luis    Moun- 

comer of 

tains 

'  New  Mexico 

4 

Animas  Valley 

10/2/93 

234,593 

Dulce,  Apache 

New  Mexico 

36°  55' 

Paul  C.  Standley 

8/20/11 

687,120 

Reservation 

The  petals  oi  V,  reptans  are  said  by  Robinson  to  be  white  with 
blue  lines,  but  in  one  flower  of  No.  346  440  Nat'l  Hb.  the  spurred  petal 
has  a  distinctly  violet  color.  Its  form  is  here  seen  to  be  broadly 
cuneate  marked  with  numerous  delicate  lines,  the  lateral  petals  having 
only  a  few  branching  lines  from  the  bearded  base. 

The  long  range  of  the  species  northward  from  Cuernavaca  to  the 
north  line  of  New  Mexico,  a  distance  of  18**  in  latitude  or  1,243  miles, 
is  noteworthy.  But  the  southern  stations  are  in  the  cool  mountains 
of  the  Mexican  plateau,  which  extends  along  the  continental  divide  to 
Dulce,  the  station  for  No.  687  120  Nat'l  Hb.,  where  the  altitude  is 
7,256  feet. 

The  line-drawing  is  based  on  Pringle's  specimen  No.  7491  Nat*l 
Hb.,  from  the  type  station,  collected  the  same  year  (1892)  that  the 
species  was  published  by  Robinson. 

Excellent  specimens  are  found  in  the  Pringle  Herbarium,  Univer- 
sity of  Vermont. 


Specl«8  No.  71— VioU  BdaBca  J.  E.  Smltti 
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Viola  adunca  J.  E.  Smith,  Rees's  Cyclopedia  37,  Viola  No.  63.     1817. 
Species  No.  71. 

The  type  is  said  to  be  a  plant  brought  by  Mr.  Menzies  from  the 
west  coast  of  North  America.  The  species  is  a  northern  one,  growing 
in  sandy  or  sterile  soil  and  extending  across  the  continent  from  eastern 
Quebec  and  Maine  west  to  British  Columbia — reaching  southward  in 
the  Rocky  Mountains  to  northern  New  Mexico,  and  along  the  Pacific 
coast  to  central  California. 

The  plant  is  well  marked  by  the  downy  pubescence  of  stem  and 
leaf,  the  long  spur  of  the  flower,  the  abundance  of  cleistogamous  fruit 
in  late  summer  and  by  its  dark  brown  seeds.  But  a  plant  of  such  wide 
range  naturally  assumes  various  aspects  which  tempt  to  the  making  of 
new  names.  The  species,  however,  was  disposed  of  by  Gray*  as  simply 
a  variety  of  V.  canina  L.,  coordinate  with  var.  Muhlenbergii  (now 
V.  conspersa). 

Soon  began  a  movement  in  the  opposite  direction.  In  1897*  in 
Britton's  111.  Fl.  the  plant  was  described  at  the  suggestion  of  Dr.  Ryd- 
berg,  as  V.  arenaria  DC 

The  radical,  difference  between  these  two  species  was  set  forth 
by  the  present  writer  in  Rhodora  IS:  106-111,  pi.  104,  June,  1913. 
Several  other  misapprehensions  regarding  V,  adunca  were  pointed  out. 
For  example,  the  hooked  spur  that  suggested  the  specific  name  is  a 
most  variable  character,  often  tapering  to  a  point  instead  of  forming  a 
hook,  and  often  forming  one  or  more  protuberances  on  the  upper  side. 
Several  pseudo-species  have  been  founded  on  these  trivial  malforma- 
tions, such  as  V,  oxyceras  (sharp-horned),  V,  odontophora  (toothed), 
V.  unguiculata  (clawed),  V.  drepanophora  (sickle-bearing),  V.  mamil- 
lata  (nippled),  V,  uncinulata  (finely  barbed).  Watson  would  distin- 
guish all  the  forms  with  straight,  blunt  spurs  as  var.  longipes.  But 
both  straight  and  hooked  spurs  are  at  times  to  be  seen  on  the  same 
plant.  Greene  has  based  numerous  species  on  the  contour  of  the  leaves 
and  on  the  character  of  the  pubescence.  A  complete  list  of  synonyms 
would  contain  SO  or  more  names. 

The  color-plate  is  of  a  specimen  from  a  sterile  pasture  in  South 
Bristol,  Vt,  May  24,  1914. 

The  line-drawing  is  of  two  plants  from  Lake  Shawnigan,  Van- 
couver Island,  B.  C,  Prof.  J.  K.  Henry,  coll..  May  9,  191 S.  The 
smaller  plant  shows  a  nearly  stemless  form. 


>  Bot.  Oax.  11 :  292.     Nov.,  1886. 

*m.  Fl..  Ist  ed..  2:  454.     1897. 

*F1.  Franc.  4:  806.     1815. 

See  alio  eolor- plate,  Species  No.  71,  opposite  page  160. 
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Viola  Howellii  Gray,  Proc.  Am.  Acad.  22 :  308.     1887.     Species  No. 
»  72. 

The  history  of  this  rare  species  of  the  Pacific  coast  is  interesting. 
It  was  first  collected  by  Thomas  Howell  near  Portland,  Ore.,  in  conifer- 
ous woods.  In  the  Bot.  Gaz.  for  November,  1886,  Gray  "somewhat 
doubtfully"  referred  it  to  V.  mirabilis  L.  with  this  brief  description: 
"Stipules  entire  or  nearly  so,  linear;  flowers  on  scapes  from  the  root- 
stock  and  few  on  1-  to  3-leaved  ascending  stems  pretty  large."  A  year 
later,  however,  he  published  V,  Howellii  as  given  above.  In  his 
"Flora  of  Northwestern  America,"  p.  72,  March,  1897,  Howell  gives 
a  fuller  and  better  description  of  the  Portland  type.  In  the  Synop. 
Flora,  October,  1905,  two  additional  stations  are  cited :  Klickitat  County, 
Wash.,  Suksdorf,  May,  1885,  and  Salem,  Ore.,  Henderson.  In  Piper 
and  Beattie's  "Flora  of  the  Northwest  Coast,"  p.  243,  1915,  the  range 
is  said  to  be  "prairies  and  open  woods,  Vancouver  Island  to  Oregon." 

I  find  some  additional  data  as  to  range  in  my  own  herbarium. 
(1)  Shawnigan  Lake,  Vancouver  Island,  B.  C,  J.  K.  Henry,  May  8, 
1912;  (2)  woods,  Nanaimo,  Vancouver  Island,  J.  K.  Henry,  July  2, 
1912  and  April  8,  1915;  (3)  a  live  plant  was  sent  me  September  11, 
1917,  from  near  Salem,  Ore.,  by  Geo.  M.  Darrow,  and  was  grown  for 
several  years,  bearing  flowers  and  fruit  in  abundance,  apparently  not 
much  modified  by  its  new  environment;  (4)  along  Mosquito  Creek, 

4 

altitude  600  meters,  Okanogan  County,  Wash.,  Eggleston,  No.  13030, 
'  July  14,  1916,  west  of  Colville  Forest  and  about  20  miles  south  of 

British  Columbia  line. 

Our  illustration  is  based  on  a  tracing  of  one  of  Suksdorf's  speci- 
mens from  western  Klickitat  County,  Wash.,  above  cited — No.  91,325 
of  the  Field  Museum,  Chicago,  reduced  to  two-thirds  the  natural  size. 


Species  No.  TS—Vlola  LangMdorfll  Flscber 


Sped  en  No.  S7a— VIoIk  conti|>en«  Relchenb. 


I 


Species  No.  71a — Tlola  adunca  J.  E.  Smith 


y 


J 


Species  No.  73— Vlol«  Langrsdorfli  Fischer 


% 


^^ 


Species  No.  TE — Viola  IUfines<iaIl  Oreene 
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Vida  Langsdorfii  Fischer,  D.  C.  Prodr.  1 :  296.     1824.    Species  No. 

The  type,  from  Aleutian  Islands,  Alaska,  was  collected  by  Cha- 
misso,  a  distinguished  son  of  a  French  nobleman,  of  whom  we  find  an 
interesting  account  in  the  Encyclopedia  Britannica.  In  1815^  he  was 
appointed  botanist  on  the  Russian  ship  Rurik,  and  sent  on  a  three  years' 
voyage  of  exploration  around  the  world.  The  type  of  the  violet  was 
published  in  Moscow  by  Regel  as  a  variety  of  V.  mirabilis  L.  From 
one  of  his  figures  we  copy  a  line-drawing  showing  a  stemless  form  of 
the  species. 

In  1893  the  writer  received  from  a  former  pupil.  Rev.  Dr.  John 
Chapman,  now  a  missionary  of  the  Protestant  Episcopal  Church  in 
Alaska,  specimens  of  V,  Langsdorfii  from  the  type  station  on  Unalaska 
Island.  The  plants  are  small  without  apparent  stems,  but  the  flowers 
are  large,  with  broad  petals,  the  three  lower  bearded  at  the  base. 

Prof.  J.  K.  Henry  of  Vancouver  City,  B.  C,  collected  (May  9, 
1895)  beautiful  specimens  of  this  violet  on  the  moist  margin  of  Lake 
Shawnigan,  Vancouver  Island.  Our  color-plate  is  based  on  two  stems 
of  this  collection,  in  which  the  brown  rootstocks  are  seen  to  be  distinct 
from  the  short,  green  stem  bearing  a  bud  at  the  tip.  In  other  plants 
this  stem  is  one  to  one  and  one-half  inches  in  length 

In  the  Synoptical  Flora  a  station  is  reported  from  Oregon,  and  in 
Howell's  Flora  of  Northwest  America,  1897,  from  Crescent  City,  Del 
Norte  Co.,  Cal. ;  but  it  was  left  for  Mrs.  Viola  Brainerd  Baird  to  find 
a  still  more  southerly  station  on  the  coast  of  California.  On  July  20, 
1915,  we  visited  Fort  Bragg  and  Noyo  in  Mendocino  County  to  iden- 
tify a  plant  collected  by  Bolander  in  swamps  at  Noyo,  1867,  and  marked 
in  pencil  by  Gray  as  "large  V.  canina."  We  found  the  plants  in  abun- 
dance called  V.  canina  L.  var.  adunca  Gray  in  the  Synoptical  Flora,  now 
passing  as  V.  adunca  Smith^ ;  and  while  the  specimens  were  being  care- 
fully put  in  press  by  the  writer,  Mrs.  Baird  had  the  good  fortune  to  dis- 
cover plants  of  V.  Langsdorfii;  and  Noyo  thus  became  its  most  southern 
station  on  the  Pacific  coast. 

This  species  presents  an  interesting  transition  between  the  stemmed 
and  the  stemless  violets.  In  Torrey  and  Gray's  Flora  (1838)  the 
species  is  said  to  be  caulescent ;  in  the  Synoptical  Flora  it  is  placed  in 
a  section  headed  "strictly  acaulescent." 

The  line-drawing  is  a  copy  of  Regel's  t.  6,  fig.  26,  Bull.  Soc.  Nat. 
Moscow  XXXIV,  pt.  2,  472. 


1  Species  No.  71. 

Bee  eolor-plate,  Species  No.  7S,  opposite  pAge  lit. 
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Species  No.  74 — TloU  rostrate  Pnrsli 
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Viola  rostrata  Pursh,  Fl.  Am.  Sept.  1 :  174.     1814.     Species  No.  74. 

"On  shady  rocks  near  Easton,  Pa."  This  is  the  only  eastern 
violet  that  has  no  synonym,  as  its  extremely  long  spur  distinguishes  it 
conspicuously  from  all  other  species.  The  spur,  however,  is  variable. 
Normally  straight  and  blunt,  it  is  at  times  strongly  hooked  or  attenuated 
to  a  fine  point. 

The  species  is  otherwise  closely  allied  to  V.  conspersa  and  indeed 
hybridizes  with  it.  Some  13  years  ago,  I  received  a  live  plant  of  this 
from  Plainfield,  N.  J.,  from  which  I  raised  numerous  offspring  repre- 
sented in  No.  31  of  my  Distribution  of  1910.  And  only  last  May  I 
collected  the  hybrid  in  a  moist  thicket  not  far  from  my  home  in  Mid- 
dlebury,  Vt. 

The  species  is  found  in  leaf-mould,  usually  on  shady  hillsides, 
from  western  Quebec  to  Michigan  and  southward  in  the  Appalachian 
Mountains  to  Georgia. 

The  line-drawing  is  copied  from  a  beautiful  water-color  painted 
by  Mathews,  May,  1915,  from  a  living  specimen. 
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Viola  Rafines<|uii  Greene,  Pitt.  4:  9.    Jan.,  1899.    Species  No.  75. 

F.  bicolor  Pursh,  1814,  not  Gilibert,  1781. 

V,  tenella  Raf.,  1819,  not  Poiret,  1810. 

V.  tricolor  var.  arvensis  Gray  in  part,  not  D.  C. 

This  species,  the  only  American  representative  of  the  old  world 
pansy  group,  is  an  annual,  as  is  shown  in  our  color-plate  by  the  root 
and  the  pair  of  small  seed-leaves  at  the  base  of  the  stem.  Gray  was 
reluctant  to  admit  this  violet  as  an  indigenous  species.  In  his  final 
revision,  October,  1886,  he  says,  "I  had  always  taken  this  field  form 
of  the  pansy  for  a  mere  escape  from  cultivation,  but  in  occurs  in  rather 
numerous  localities  from  Canada  to  Texas;  several  botanists  familiar 
with  it  insist  that  it  is  indigenous." 

In  his  letter  to  Hooker,  in  1841,  we  find  the  following  statement 
regarding  Constantine  Rafinesque- Schmaltz,  for  whom  this  violet  was 
named.  "A  Sicilian  by  birth,  first  arrived  in  the  United  States  in 
1802,  for  three  years;  returned  in  1815,  and  explored  the  AUeghanies 
and  Southern  States.  An  eccentric  but  certainly  gifted  personage, 
connected  with  the  natural  history  of  this  country  for  the  last  35 
years."    Rafinesque  died  in  1840. 

The  range  of  V.  Rafinesquii  is  from  New  York  to  Michigan,  thence 
southwest  to  Dallas,  Tex.,  and  from  New  York  south  to  the  mountains 
of  the  western  Carolinas  and  northern  Georgia.  But  an  isolated  colony 
is  reported  from  the  foothills  of  Boulder,  Colo. 

Our  color-plate  was  made  from  a  painting  by  Mathews,  which 
was  based  on  a  specimen  from  Baldwin,  Kan.,  collected  by  Rufus 
Crane,  April  19,  1913.  The  plant  is  also  found  in  my  Distribution  of 
Violets,  1910,  No.  128,  from  near  Muskogee,  Okla.,  April  4,  1910. 

V,  arvensis  Murray  is  an  old  world  species  resembling  V,  Rafin- 
esquii and  is  naturalized  and  even  a  troublesome  weed  in  the  South.  It 
has  petals  usually  shorter  than  the  sepals ;  the  petals  of  V.  Rafinesquii 
are  twice  the  length  of  the  sepals. 


See  color-plate  opposite  pafpe  166. 
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III.    VIOLET  HYBRIDS  OF  NORTH  AMERICA 

I  am  asked  to  prepare  a  statement  for  the  Violet  Bulletin,  em- 
phasizing the  important  function  of  hybridism  in  furnishing  new 
forms  for  natural  selection  to  work  upon.  This  has  led  me  to  look 
over  my  mounted  specimens  of  violet  hybrids  from  the  wiM  and  from 
garden  cultures.  The  large  number  of  sheets  that  I  find  is  surprising 
even  to  myself — ^984 — about  as  many  as  my  herbarium  sheets  of  the  spe- 
cies.    The  total  number  of  distinct  hybrids  is  89,  of  distinct  species  75. 

I  may  here  state  that  in  my  first  paper  on  hybrids  (Rhodora  6 :  213- 
223,  pi.  58,  Nov.,  1904)  the  eight  there  described  were  from  familiar 
species  and  were  correctly  determined  as  to  parentage,  and  the  parents 
designated  by  valid  names.  In  March,  1906,  16  months  later,  I 
described  25  other  hybrids  occurring  along  the  southeastern  New 
England  coast  and  southward.  Some  11  of  these  hybrids  were  be- 
tween a  pair  of  species,  at  least  one  of  which  was  currently  passing 
under  an  invalid  name.  On  account  of  this  unsettled  condition  of 
specific  names  I  deemed  it  best  for  a  while  not  to  publish  the  supposed 
parental  names  of  a  hybrid,  and,  accordingly,  for  a  period  of  six  years 
I  devoted  my  study  of  Viola  largely  to  the  work  of  clearing  up  this 
nomenclatorial  confusion.  I  visited  the  herbaria  and  libraries  at  Cam- 
bridge, Mass.,  Bronx  Park,  N.  Y.,  Washington,  D.  C,  Charleston, 
S.  C.  and  St.  Louis,  Mo.  I  collected  abundant  herbarium  specimens 
in  the  southern  and  southwestern  States,  shipping  home  living  plants 
of  both  hybrids  and  species  for  garden  cultures  on  as  large  a  scale  as 
practicable. 

I  have  given  an  account  of  my  work  on  the  75  species  of  North 
American  violets  in  the  preceding  pages ;  and  in  the  six  which  follow 
appears  a  list  of  the  89  hybrids  which  I  have  in  my  herbarium.  The 
facts  concerning  their  distribution,  the  number  of  sheets  of  each  hybrid 
in  my  herbarium  and,  in  cases  where  the  hybrid  has  been  discussed, 
the  place  of  publication  are  also  cited. 

A  detailed  discussion  of  violet  hybrids  will  appear  in  a  future 
bulletin  of  this  Station. 
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Name 


V.  adunca  X  conspersa. 


V.  affinis  X  Brittoniana 


X  cucullata. 


X  emarginata. 
X  fimbriatula. 


X  hirsutula. 


X  nephrophylla. 


X  paZmafa. 


X  papilionacea  House. 


X  sagittata. 


X  septentrionalis. 


X  sorona. 


X  trilo&a. 


Stations 


Sheets 

IN  Hb.    Where  Published 
E.  B. 


Proctor,  Vt 

Little  Notch,  Bristol, 

Vt. 
Ex  horto  1911,  1012. 
Ottawa,  Ont,  1004. 

Bradley  Ave.,  Staten 

Is.,  N.  Y. 
Ex  horto  1911. 

Middlebury,  Vt. 
Eastern  Conn. 
Ex  horto  from 
W.  J.  Vreeland 

Englewood,  N.  J. 
Ex  horto  1908,  1910 

Staten  Island,  N.  Y. 
New  Jersey. 
Pennsylvania. 
Ex  horto. 

Glen  Alpine,  D.  C, 

1908. 
Kenilworth,  N.  J., 

1910. 

Providence  Is.,  South 
Hero,  Vt.,  1905, 
1907,  1910. 

Ex  horto  1906. 

Penfield,  N.  Y.,  1910. 
Ex  horto  1911,  1912. 

Woodridge,  D.  C. 
Medford  and 

Plalnfield,  N.  J. 
Tinlcum,  Pa. 

Patuxent,  Md. 
Tinicum,  Pa. 
Staten  Is.,  N.  Y. 
Milltown,  N.  J. 


Knight's  Is.,  North 

Hero,  Vt. 
Middlebury,  Vt. 

Diadem  Is.,  North 
Hero,  Vt. 

Middlebury,  Vt. 

Canandalgua,  N.  Y. 

New  York  Bot.  Gar- 
den, from  Quebec. 

Plainfleld,  N.  J. 
Clark  Co.,  Ind. 


5    Ined. 


2    Ined. 


4    Rhod.  8:    49. 

Distrib.  1910,  No.  7, 


2     Ined. 
15 


7     Rhod.   8:    56. 
Rhod.    8:    119. 


5    Rhod.  8:   50. 

Distrib.    1910,   Nob. 
8  and  9. 


15    Rhod.  8:  119. 


17    Rhodora  8:  55. 
Amer.  Naturalist 

44:  235. 
Distrib.    1910,   Noa. 

10  and  11. 

5    Rhod.  6:  219. 


7    Rhod.  6:  221 


7     Distrib.    1910,    Noe 
18,  19  and  20. 
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Namk 


Stations 


Shsbts 

IN  Hb.    Where  Published 
E.  B. 


y.  Brittoniana  X  cucutlata. 

*S€pt€mloha,** 


««i 


X  emarginata. 


Woodmere,  Long  Is., 

N.  Y. 
Fairfield  and 

Stratford,   Conn. 
Milton  and 

Springdale,  N.  J. 

Hyattsville,  Md. 


X  fimhriatula. 


X  lanceolata. 
X  papilionacea: 


Hempstead,  Long  Is., 

N.  Y. 
Staten  Is.,  N.  Y. 
Fairfield,  Conn. 


Charles   River   Mead- 
ows, Dedham,  Mass. 

Staten  Is.,  N.  Y. 
Hempstead,  N.  Y. 


34    House,    Bull.    Torr. 

CI.  32:  255,  t.  17. 

Science    N.    S.    15: 

940. 
Torreya  4:  131 

1    Brainerd,  Rhod.  8: 
53. 
House,     Rhod.      8: 
120,  t.  71. 

12    Brainerd,  Rhod.   8: 
51,  t.  67. 
Distrlb.    1910,    Nos. 

21  and  22. 
Dowell,   Bull.   Torr. 
CI.  37:   172 

1    Forbes,    Rhod.     11, 
14. 

8    Dowell,  Bull.   Torr. 
CI.  37:  173,  t.  14. 
Distrib.     1910,    No. 
23. 


X  pectinata. 

Hempstead,  Long 

N.  Y. 
Dayton,  N.  J. 
Stratford,  Conn. 
Dedham,  Mass. 

Is., 

13 

Rhod.  8:  59,  pi.  69. 

X  aagittata. 

Riverdale,  Md. 
Staten  Is..  N.  Y. 

2 

Brainerd,  Rhod.  8: 

51. 
House,     Rhod.      8 : 

120. 

X  sororia. 

Fairfield,  Conn. 

1 

X  triloba. 

Milltown,  N.  J. 
Stratford,  Conn. 

5 

Rhod.  8:  55,  where 
called  "y.  palma- 
ta X  septemloba." 

V.  conspersa  x  rostrata. 

Plainfield,  N.  J. 
Middlebury,  Vt. 

5 

Distrib.  1910,  No. 
31. 

V.  cucullata  X  fimhriatula. 

Newfane,  Salisbury 

and  Middlebury,  Vt. 
Jaffrey,  N.  H. 
New  York. 
Connecticut. 
New  Jersey. 
North  Carolina. 

28 

Distrib.  1910,  Nos. 
34,  35,  36  and  37. 

X  nephrophylla. 

* 

Manchester,  Vt. 

1 

» 

X  palmata. 

East  Lyme,  Conn. 

1 

• 
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Namb 


Stations 


IN  Hb.    Wherb  Publis 
B.  B. 


y.  cuctillata  X  papiZionacea. 


X  pectinata. 
X  primulifolia. 
X  sagittata. 

X  8eptentrionalis. 


X  8ororia. 


X  triloba. 

X  viarwrn. 
T.  emcrginata  X  /Imftriatvla. 

I 

X  Lovelliana. 
X  palmata. 
X  papiHonacea. 


X  «ai7iftafa. 


Northampton,  Mass. 
Plainfield.  N.  J. 
North  Tacoma,  D.  C. 
East  Lyme  and 

Southlngton.  Conn. 
Yonkers,  N.  Y. 

Woodmere,  Long  Is., 
N.  Y. 

Woodmere  and 
Rosedale,  N.  Y. 

Tinicum,  Pa» 
Montclair,  N.  J. 


Silver  Lake,  Leicester, 

Vt. 
Charlottetown,  Prince 

Edward's  Is. 

Widely   distributed 
from   Vermont  to 
Wisconsin  and 
south  to  Virginia. 

Lexington,  Mass. 
East  Lyme,  Conn. 
Rochester,  N.  Y. 

Spontaneous    in    gar- 
den in  1912. 

Washington,  D.  C. 
New  Brunswick,  N.  J. 
Philadelphia,  Pa. 

Muskogee,  Okla. 

Eutaw  Springs,  S.  C. 

Brookland,  D.  C. 
Ivy   Hill    Cemetery, 

Philadelphia,  Pa. 
Mllltown,  N.  J. 

Brookland,  D.  C. 
Chester  Co.,  Pa. 
Milltown,  N.  J. 


8    Rhod.  8:  56. 


X  septemloha  House.  Gilmerton,  Norfolk 

Co.,  Va. 


X  sororia. 
X  Stoneana. 

X  triloba. 

X  triloba 
var.  dilatata. 


Carthage,  Mo. 

Ivy  Hill  Cemetery, 
Philadelphia,  Pa. 
Ex  horto  1905,  1907. 

Tryon,  N.  C. 

Westville,  Okla. 
Mena,  Ark. 


2    Rhod.  11:   116. 

7     Rhod.  8:  52. 

Distrib.     1910,     No. 
38. 

13    Rhod.  6:  220. 

Distrib.    1910.    Nos. 
39  and  40. 


18    Rhod.  6:  222. 

Distrib.    1910,    Nos. 
41  and  42. 


8    Rhod.  8:  56  as 
amended 
Rhod.  11:   116. 


8    Rhod.  8:   67. 


2 


Ined. 
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Namb 


Stations 


SHEST8 

IN  Hb.    Where  Published 
E.  B. 


V.  emarginata  var.  acutiloha 

X  fimhriatula. 

var.  acutiloM 
X  sagittata. 

V.  emarginata  lobed  form 

X  papilionacea. 


V.  fimbriatuJa  X  latiuscula. 


X  palmata. 


X  papilionacea. 


X  sagittata. 


X  septentrionalis. 


X  «oroHa. 


X  triloba. 


Y.  hirsutula  X  palmata. 

X  papilionacea. 


X  sai^ittaf a. 
X  sororia. 


X  £fton6ana. 


Brookland,  D.  C. 

North  Tacoma,  D.  C. 

Brookland,  D.  G. 
Ex  horto  1905,  1906, 
1907,  1910. 

Ft.  Ethan  Allen, 
Essex,  Vt 

Rochester,  N.  Y. 
Mt.  Tryon,  N.  C. 
East  Lyme,  Conn. 
Spring  Valley,  N.  Y. 

Connecticut. 
New  Jersey. 
New  York. 
Pennsylvania. 
District  of  Columbia. 

Massachusetts. 
Connecticut. 
New  Jersey. 

Maine. 

Middlebury,  Vt. 
New  Hampshire. 
Massachusetts. 
Prince  Edward's  Is. 

Middlebury,  Vt. 
Hempstead,  N.  Y. 


Lexington,  Mass. 
New  Hampshire. 
Connecticut. 

Plainfield,  N.  J. 

Philadelphia,  Pa. 

Ohio. 

North  Carolina. 

Connecticut. 

New  Jersey. 

District  of  Columbia. 

Kenilworth,  N.  J. 
Ex  horto  1911. 

New  Jersey. 
Rockville,  D.  C. 
Tryon  and 
Biltmore,  N.  C. 

HyattSYille,  Md. 
Philadelphia,  Pa. 
Brookland,  D.  C. 


10 
10 


22    Rhod.  6:  218. 
Rhod.  8:  54. 


28     Rhod.  8:   57,  pi.  68. 


20    Rhod.  6:  215,  pi.  58. 


4    Rhod.  6:  218. 

Distrib.    1910,    Nos. 
58  and  59. 

9    Rhod.  8:  53,  pi.  70, 
for  "palmata'' 
real  triloba. 

4     Torr.  Bull.   89:    96. 

21     Rhod.  9:  211. 

Science,    N.    S.    25: 

941. 
Distrib.     1910,     No. 
66. 


10    Torr.   Bull.   39:    96. 
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Name 

Stations 

Shsbts 

IN  Hb.    W herb  Published 
E.  B. 

V.  hirsutula  X  triloba. 

New  Jersey. 
District  of  Columbia. 
Virginia. 
North  Carolina. 
Morristown,  Tenn. 

18 

Rhod.   8:   56,  as 
"V.     palmata     X 
villosa:* 

Torr.   Bull.   39:    95. 

■ 

'   X  triloba  var.  dilatata. 

• 

Decatur,  Ala. 
Ex  horto  1910. 

3 

y.  Langloisii  X  rosacea. 

Crowley,  La. 
Ex  horto  1910. 

1 

» 

V.  latiuscula  X  sororia. 

I>ake  Dunmore, 
Salisbury  and 
West  Rutland,  Vt. 

Williamstown,  Mass. 

4 

X  tnZofta. 

Salamanca,  N.  T. 
Ex  horto  1910,  1912. 

1« 

Torr.    Bull.   39:    94. 

V.  Lovelliana  X  papiZionacea. 

Edge  wood,  Okla. 
Ex  horto  1910. 

3 

V.  mt«»oiArien»i«  X  sororia. 

Kansas. 
Missouri. 

2 

V.  7iephrophylla  x  papilionacea. 

Racine,  Wis. 

4 

Distrib.    1910,    Nos. 
87  and  88. 

X  pedatifida. 

Beulah,  New  Mex. 

0 

Torr.  Bull.  40:   259. 

X  soroi'ia. 

Manchester,  Vt. 

2 

Bronx  Park,  N.  Y. 
Florida. 

2 

r .  ouoron*  A 

y.  pallens  X  primwZt/oWa. 

Staten  Is.,  N.  Y. 
Seabrook,  N.  J. 

4 

Torr.  Bull.  37:   177, 
pi.  18. 

V.  palmata  X  papilionacea. 


X  sagittata. 


X  sororia. 
X  triloba. 


Tryon.  N.  C.  92 

Plalnfield,  N.  J. 

From  Miss  Kittridge  12. 

Miss  Angell        6. 

Miss  Kaufman  11. 

Staten  Is.  and  3 

Rosedale,  N.  Y. 
West  Orange,  N.  J. 
Haddenfield,  N.  J. 

Hamilton,    Co.,   Ohio.      1 


Torr.   Bull.   39:    85. 
pis.  5  and  6. 


Rhod.   15:    115.  No, 
6. 


V.  papilionacea  X  pedatifida. 


Maryland    Heights, 

Md. 
East  Lyme,  Conn. 
Orange,  N.  J. 
♦Bucks  Co.,  Pa. 

Yorkville,  111.       64 
Stark  Co.,  111.      11 


20    Torr.   Bull.  39:    88, 
pis.  5,  6  and  7. 
Distrib.     1910,    No. 
97. 


75    Torr.  Bull.  40:  249. 
pi.  15. 


*25  miles  north  of  Philadelphia. 
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Name 

Sheets 
Stations                in  Hb.    Where  Published 

B.  B. 

T.  papilionacea  X  sagittata. 

Glastonbury,  Conn. 
New  Brunswick,  N.  J. 
Staten  Is.,  N.  Y. 
Tinlcum,  Pa. 

11 

Rhod.  8:  54. 
Distrib.     1910,     No. 
113. 

X  sororia. 

Southeastern  New 

York. 
Ohio. 

Wisconsin. 
Kansas. 
Missouri. 
Louisiana. 

13 

Torr.  Bull.  37:   178. 
Distrib.     1910,     No. 
114. 

X  Stoneana. 

Ivy  Hill  Cemetery, 
Philadelphia,  Pa. 

9 

. 

X  triloba. 

Along  the  coast  from 
East    Lyme,    Conn, 
to  South  Carolina. 

35 

Torr.  Bull.  39:   90. 

V.  pedatifida  X  aagittata. 

Peoria  Co.,  111. 

20 

Torr.  Bull.  40:   252, 
pi.  16. 

X  sororia. 

Galva,    111.             21 
Ex  horto 

Middlebury      115 
Miscellaneous        18 

154 

Torr.  Bull.  40:  263, 
pi.  17. 

V.  rosacea  X  sagittata. 

Crowley,  La. 

Ex  horto  1910,  1911. 

3 

V.  rostrata  X  striata. 

Cincinnati,  0. 

2 

V.  saflrittafa  X  «ororta. 

Milwaukee,  Wis. 
Ex  horto  1910,  1907. 

4 

Distrib.    1910,    Nos. 
142  and  143. 

X  triloba. 

New  Brunswick,  N.  J. 
Ex  horto  1906. 

6 

Rhod.  8:  54,  [where 
for  **palmata" 
read  triloba^. 

Rhod.  15:  115. 

V.  septentrionalis  X  sororia. 

Middlebury,  Vt., 

3  stations. 
Arlington,  Vt. 

6 

Rhod.  6:  221. 
Distrib.     1910.     No. 
157. 

V.  sororia  X  t7-iIo&a. 

Orwell,  Vt. 
Connecticut. 
Long  Island,  N.  Y. 
New  Jersey. 
Biltmore   and   Tryon, 
N.  C. 

12 

Torr.  Bull.  39:   92. 

y.  Stoneana  X  triZofta. 

Ivy  Hill  Cemetery, 
Philadelphia,  Pa. 

14 

Torr.   Bull.   39:    93, 
Am.  Naturalist  44: 
231. 
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I.    INTRODUCTION 
The  Personnel 

The  experimental  feeding  trials  herein  discussed  were  devised  in 
1906  by  the  first  two  named  authors.  Work  was  begun  in  December 
of  that  year  and  closed  in  May,  1919. 

The  relation  of  the  several  authors  to  this  prolonged  study  has 
been  as  follows : 

J.  L.  Hills,  Director;  collaborator  in  original  plan;  general  over- 
sight throughout  the  entire  13  years ;  advisory  relations  in  connection 
with  data  computations;  final  collation  and  summation  of  all  data; 
authorship  of  the  entire  manuscript.^ 

C.  L.  Beach,  Animal  and  Dairy  Husbandman,  1906-1908,  and, 
since  1908,  President  of  the  Connecticut  Agricultural  College;  for- 
mulation of  the  original  plan  of  the  trials ;  immediate  oversight  of  their 
conduct  during  his  incumbency ;  computations  during  the  early  stages 
of  the  trials. 

R.  M.  Washburn,  Animal  and  Dairy  Husbandman,  1908-1911, 
later  occupying  an  analagous  position  in  the  Minnesota  Experiment 
Station  and  now  engaged  in  commercial  operations;  immediate  over- 
sight of  the  trials  during  his  incumbency ;  computations. 

A.  A.  Borland,  Animal  and  Dairy  Husbandman,  1911-1915  and 
since  that  time  head  of  the  Department  of  Dairy  Husbandry  in  the 
Pennsylvania  State  College;  immediate  oversight  of  the  trials  during 
his  incumbency ;  computations — many  of  them  final. 

G.  F.  E.  Story,  Animal  and  Dairy  Husbandman,  1915-1918  and 
since  that  time  county  agent  in  Worcester  County,  Mass.;  immediate 
oversight  of  the  trials  during  his  incumbency ;  computations. 

C.  H.  Jones,  Chemist ;  in  charge  of  all  chemical  work. 

The  authors  acknowledge,  with  gratitude,  the  cooperation  of : 

W.  J.  Lamplough,  B.  S.,  computor  for  nearly  three  years,  who 
in  1911-14  reviewed  the  figures  from  the  very  outset,  correcting  errors 
and  in  general  painstakingly  handling  the  immense  amount  of  data. 

E.  R.  Baker,  B.  S.,  computer  for  nearly  two  years,  1914-16,  for 
careful  supervision  of  the  mathematics  of  the  trials  during  his  incum- 
bency. 

H.  B.  Ellenberger,  Animal  and  Dairy  Husbandman,  1918-,  for 
helpful  suggestions  in  connection  with  final  presentation  of  the  printed 
matter. 


1  The  writer  acknowled^s  most  helpful  and  stimulating  suggestions  received 
in  the  process  of  manuscript  preparation  from  his  former  co-workers.  President 
Beach  and  Professors  Borland  and  Washburn,  as  well  as  from  his  present  associate. 
Dr.  Ellenberger. 
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C.  J.  Cosgrove,  herdsman  of  the  Station  for  20  years,  who  day  in 
and  day  out,  almost  without  a  day's  absence  from  1906  to  1916,  fed 
the  experimental  animals  and  kept  their  bam  records. 

The  Twelve  Questions 

This  twelve  and  one-half  years'  study  of  the  protein  requirements 
of  dairy  cattle  was  designed : — 

1.  To  determine  the  effect  upon  the  milk  flow  wrought  by  the 
long  continued  use  of  rations  carrying  either  very  low,  or  relatively 
low,  or  medium,  or  high  digestible  protein  contents. 

{Pages  52-68;  summarized,  page  143,) 

2.  To  scrutinize  the  physical  condition  and  health  of  cows  fed  on 
a  uniform  diet  for  a  long  series  of  years,  with  a  view  of  determining 
whether  or  not  either  a  relatively  low  digestible  protein  content  on  the 
one  hand  or  a  relatively  high  digestible  protein  content  on  the  other  was 
inimical  to  their  continued  well-being. 

{Pages  68-100;  summarised,  page  144.) 

3.  To  determine  the  relation  which  rations  carrying  very  low,  or 
low,  or  medium,  or  high  digestible  protein  contents  might  bear  to 
changes  in  the  body  weights  of  milking  cows. 

{Pages  100-107 ;  summarised,  page  144.) 

4.  To  determine  the  immediate  effects  upon  the  milk  flow  of 
rations  carrying  either  very  low,  low,  medium  or  high  digestible  pro- 
tein contents,  as  determined  by  means  of  trials  of  short  duration. 

{Pages  107-109;  summarized  pa^e  144.) 

5.  To  compare  the  results  obtained  in  feeding  trials  conducted 
for  many  months  or  years  with  those  secured  in  trials  of  shorter  dura- 
tion. 

{Pages  119-120;  summarized,  page  145.) 

6.  To  attempt  to  discover  the  relation  between  the  digestible  nu- 
trients in  the  food  and  those  accounted  for  in  maintenance  and  milk 
flow,  when  rations  were  fed  differing  widely  in  their  digestible  protein 
contents. 

{Pages  120-128;  summarized,  page  145.) 

7.  To  review  existing  feeding  standards  in  the  light  of  the  results 
thus  secured. 

{Page  128;  summarized,  page  145;  see  also  bulletin  226.) 

8.  To  observe  the  effect  upon  the  quality  of  the  milk  flow  se- 
cured when  rations  were  fed  which  contained  widely  divergent  di- 
gestible protein  contents. 

{Pages  129-131;  summarized,  page  145.) 
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9.  To  attempt  to  throw  light  upon  the  economics  of  milk  and 
butter  production  when  rations  were  fed  which  were  decidedly  unlike 
in  their  digestible  protein  contents. 

{Pages  131-137 ;  summarized,  page  145,) 
Incidentally  the  study  was  designed : 

10.  To  add  to  the  present  stock  of  information  as  to  the  normal 
shrinkage  in  bovine  milk  flow. 

{Pages  137-139;  summarized,  page  146.) 

11.  To  secure  further  testimony  as  to  the  extent  of  the  direct  in- 
jury to  the  milk  flow  caused  by  abortion. 

{Pages  139-140;  summarized,  page  146.) 

12.  To  observe  the  effect  upon  the  milk  flow  of  abrupt  changes 
in  rationing. 

{Pages  141-142;  summarized,  page  146.) 

The  Considerations  Actuating  the  Trials 

Up  to  the  time  when  this  trial  was  begun,  December  2,  1906,  most 
feeding  experiments  with  dairy  animals  made  in  this  and  other  coun- 
tries had  been  conducted  for  periods  of  a  few  weeks  or  months.  The 
question  often  and  naturally  arose  whether  such  short  periods  suf- 
ficed, whether  they  were  calculated  accurately  to  portray  the  physiologi- 
cal effect  of  any  particular  method  of  feeding  or  to  indicate  the  food 
value  of  a  nutrient.  It  has  been  shown  that  cows  can  accommodate 
themselves  for  considerable  periods  of  time  to  a  deficiency  of  certain 
elements  in  their  food,  these  being  supplied  for  the  time  being  perhaps 
from  body  reserves.  Babcock^  observed  that  cows  did  not  appear  to 
be  affected  injuriously  by  the  withdrawal  of  chlorin  (salt)  from  the 
ration  for  short  periods  of  time.  "The  cows  exhibited  an  abnormal 
appetite  for  salt,  after  having  been  deprived  of  it  for  two  or  three 
weeks,  but  in  no  case  did  the  health  of  the  animal  appear  to  be  af- 
fected, until  a  much  longer  time  had  elapsed.  This  period  of  im- 
munity varied  with  individual  cows  from  less  than  a  month  to  more 
than  a  year.  In  every  case  there  was  finally  reached  a  condition  of 
low  vitality  in  which  a  sudden  and  complete  breakdown  occurred  from 
which  recovery  was  rapid  if  salt  was  supplied."  * 

Similarly,  Haecker*,  reviewing  the  results  of  his  investigations 
made  prior  to  1903  wherein  rations  with  different  nutritive  ratios  were 
fed,  stated  that  "the  rations  having  a  nutritive  ratio  of  1 :  77  and  1 :  9.7 


ivna.  Sta.  Rpt.  22.  pp.  129-156  (1905). 

Ibid.  p.  154. 

•Minn.  Sta.  Rpt.  11,  pp.  89-148   (1903)  ;  also  Bui.  79   (1903). 
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respectively,  were  as  effective  in  the  production  of  milk,  butterfat  and 
milk  solids  as  was  the  one  having  a  nutritive  ratio  of  1 : 6.3."*     How- 

m 

ever,  as  a  result  of  further  studies  made  during  the  winters  of  1902- 
03  to  1904-05  in  which  a  low  protein  ration,  with  a  nutritive  ratio  of 
1 :9.5  supplying  daily  only  1.3  pounds  of  digestible  protein,  was  fed  in 
competition  with  a  ration  with  a  nutritive  ratio  of  1 : 6.5,  supplying 
daily  1.94  pounds  of  digestible  protein,  Haecker'  states  that  "so  far 
as  the  yields  of  dairy  products  are  concerned,  there  was  little  difference 
and  it  would  ordinarily  have  been  considered  a  negligible  quantity."* 
A  physical  examination  of  the  cows  at  the  close  of  the  second  winter's 
feeding  indicated,  however,  that  the  cows  in  the  low  protein  group, 
while  apparently  in  good  health,  were  somewhat  spare  in  flesh  and 
thinner  of  skin  than  those  receiving  the  higher  amount  of  protein.  Dur- 
ing the  third  winter  some  of  the  cows  on  the  low  protein  ration  began 
to  show  a  marked  depression  in  physical  tone.  "When  turned  into  the 
runway  for  water  they  lacked  the  alertness  and  activity  shown  by 
(the  group  fed  1.9  pounds  of  digestible  protein).  Their  eyes  were 
dull,  coats  harsh,  and  skins  drawn  hard  to  their  bodies.  They  were 
slow  in  both  eating  and  drinking,  did  not  seem  to  relish  their  food,  and 
showed  in  every  movement  a  low  state  of  vitality."^  Four  quarts  of 
gluten  feed  were  then  substitued  in  the  ration  for  four  quarts  of 
corn  meal.  This  substitution  raised  the  amount  of  digestible  protein 
per  cow  per  day  from  1.333  pounds  to  1.848  pounds  and  narrowed  the 
nutritive  ratio  of  1  :  9.7  to  1  :  6.7.  During  the  49  days  following 
the  change  the  ten  cows  in  the  group  made  an  average  gain  in  weight 
of  72  pounds,  while  the  increase  of  dairy  products  on  a  starch  equiva- 
lent basis  was  only  0.05  pounds.  "By  narrowing  the  nutritive  ratio 
of  the  ration  to  1 : 6.7  the  efficiency  of  the  ration  was  increased  enough 
to  provide  for  the  gain  in  body  weight  in  addition  to  maintaining  the 
yield  of  dairy  products.  It  appears  that  with  the  cows  that  had  been 
on  the  very  low  protein  rations  for  from  two  to  four  winters,  the  im- 
poverished condition  of  the  nitrogenous  substances  of  the  body  was  so 
great  that  they  were  unable  to  give  an  increased  yield  of  milk  until  the 
body  had  been  restored  to  normal  condition."® 

Investigations  at  the  Connecticut  (Storrs)  station*  showed  that  an 


«n)id.  p.  126. 

•Minn.  Sta.  Bui.  140  (1914). 

*Ibid.,  p.  26. 

nbid.,  p.  22. 

•Ibid.,  pp.  26-27. 

•Conn.  (Storrs)  Sta.  Bui.  S4   (1905). 
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increase  in  the  proportion  of  grain  to  roughage  might  exert  as  much 
of  an  effect  upon  the  milk  flow  following  a  change  in  ration  as  did  any 
increase  and  decrease  in  the  amount  of  protein  fed.  In  a  somewhat 
similar  fashion  at  the  Minnesota  station^®  a  lessened  protein  supply  was 
attended  by  a  loss  in  weight  of  the  animals  concerned,  although  the  milk 
and  butterfat  production  were  sustained.  It  is  said  that  "whether  the 
decrease  in  gain  the  second  year  and  the  loss  in  weight  in  the  third  year 
was  due  to  the  decrease  in  the  protein  supply  or  to  some  other  cause, 
does  not  appear.  But  it  is  possible,  it  might  be  said  quite  probable,  that 
it  was  due  to  the  difference  in  the  ratio  of  grain  to  roughage.  During 
the  winter  1901-2  two-thirds  of  the  nutrients  in  the  rations  were  pro- 
vided by  the  roughage,  while  during  the  1894-5  winter  just  half  of  the 
nutrients  were  in  the  roughage,  and  during  the  winter  of  1895-6  less 
than  half."" 

In  view  of  the  results  attained  in  the  trials  just  cited,  it  was  pre- 
determined in  the  discussion  held  in  1906  which  resulted  in  the  shaping 
of  the  Vermont  trials  now  under  review,  to  make  the  proportion  of 
grain  to  roughage  as  nearly  uniform  as  possible  for  all  animals, 
whether  fed  a  ration  carrying  a  low,  a  medium,  or  a  high  protein  con- 
tents. The  allowance  of  grain  was  based  upon  a  unit  yield  of  total 
solids  in  the  milk  flow.  The  grain  mixtures  were  so  constructed  that 
their  fiber,  ash  and  total  nutrient  contents  were  practically  identical. 
Since  the  quantity  relations  of  concentrates  to  roughage  in  each  ration 
were  kept  essentially  uniform  and  since  the  ash,  crude  fiber  and  total 
nutrients  contents  were  similarly  standardized,  the  only  variable  fac- 
tors in  the  rations  were  their  protein,  nitrogen-free-extract  and  fat  con- 
tents. The  first  was  the  desired  varient;  the  second  necessarily  de- 
creased as  the  first  increased;  and  it  was  impossible  to  keep  the  fat 
contents  of  the  high  protein  ration  on  an  absolute  parity  with  that  of  the 
other  two,  since  the  only  available  high  protein  concentrates  carried  a 
considerable  fat  content.  All  this  means,  in  brief,  that,  speaking  broadly, 
one  ration  furnished  just  as  much  food  as  the  others,  just  as  much 
digestible  nutrients  as  the  others,  that  one  ration  carried  the  same  rela- 


>«MiniL  Sta.,  Rpt  11,  pp.  89-148  (1903)  ;  also  Bui.  79   (190S). 
"Minn.  Sta.  Bui.  79,  p.  126  (1903). 
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tive  proportions  of  roughage  and  concentrates  as  the  others ;  that  all 
conditions,  physical  and  chemical,  were  so  far  as  might  be  made  imi- 
form,  save  and  except  that  of  the  quantity  of  digestible  protein  fed 
and,  as  a  necessary  corroUary,  the  quantity  of  digestible  nitrogen-free- 
extract  matter  fed.  When  more  protein  was  called  for,  it  was  secured 
by  changing  the  grain  mixture  and  not  by  increasing  its  amount. 

It  is  of  interest  to  note,  looking  backwards,  that  the  so-called 
"vitamines"  or  "water-"  or  "fat-solubles"  contents  of  the  several  ra- 
tions, seem  to  have  been  alike,  at  any  rate  within  a  reasonable  degree 
of  approximation.  This  factor  was  not  taken  into  account  when  the 
trials  were  started.  Indeed,  its  vital  relationship  to  nutrition  was  not 
appreciated  in  1906  as  it  is  today.  However,  the  devisers  of  the 
original  scheme  builded  better  than  they  knew  in  this  respect.  It  seems 
quite  safe  to  say  that  the  effect  of  this  particular  factor  upon  the 
ultimate  outcome  may  be  disregarded. 

The  Herd  ;  Groupings  ;  Life  Histories,  etc. 

The  herd,  on  December  2,  1906,  consisted  of  65  cows,  two  of  which 
were  registered  Ayrshires,  two  registered  Jerseys  and  the  remainder 
grade  Jerseys.  Fifteen  grade  cows  had  been  recently  purchased.  Noth- 
ing was  known  as  to  their  milk  and  butterfat  records.  Six  grade  Hol- 
steins  were  purchased  in  July,  1907.  All  further  additions  consisted 
of  young  animals  raised  from  the  better  cows  and  introduced  into  the 
experimental  trials  from  time  to  time  as  the  older  cows  dropped  out 
or  as  animals  were  withdrawn  because  of  accident  or  failure  to  breed. 
The  breeding  of  the  Holsteins  and  Ayrshires  was  continued  within 
their  respective  breed  lines  through  the  use  of  sires  in  neighboring 
herds,  while  that  of  the  Jerseys  was  maintained  by  the  use  of  regis- 
tered Jersey  bulls  owned  at  the  University  Farm. 

Abortion  and  sterility,  temporary  or  permanent,  have  been  disturb- 
ing factors.  It  was  easy  to  reject  the  records  following  abortion  and 
they  have  been  excluded ;  but  the  great  prolongation  of  the  many  lacta- 
tion periods  caused  by  failure  to  breed  was  unfortunate.  However,  so 
many  cows  were  used,  so  many  records  were  taken  and  figured  in  so 
many  ways  and  the  problem  was  attacked  from  so  many  points  of  view 
that  the  disturbing  effects  thus  introduced  can  not  materially  have 
affected  the  outcome. 

The  average  production  of  the  experimental  portions  of  the  herd 
during  these  years  has  been  much  lower  that  it  would  have  been  had  it 
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been  culled  from  time  to  time.  However,  since  the  older  cows  which 
had  been  eating  one  and  only  one  ration  for  periods  of  from  six  to 
eleven  years,  or  which  had  been  alternating  between  two  of  the  experi- 
mental rations  for  a  similar  length  of  time,  were  much  more  valuable 
from  the  standpoint  of  the  trials  than  were  younger  cows,  even  though 
the  latter  were  better  producers,  no  animals  were  removed  from  the 
herd  unless  perchance  they  were  no  longer  serviceable.  Many  a  rela- 
tively or  actually  poor  cow  owed  her  long  life  to  the  exigencies  of 
these  prolonged  trials.  In  fact  one  cow,  used  throughout  this  time  in 
the  maintenance  studies  reported  upon  in  bulletin  226,  did  not  produce 
a  drop  of  milk  during  nearly  nine  years  and  was  withdrawn  in  March, 
1917,  because  of  the  after-effects  of  an  attack  of  pneumonia.  She 
has  eaten,  drank  and  been  merry;  she  has  toiled  not,  neither  has  she 
spun. 

The  60  or  more  cows  in  the  herd  were  divided  at  the  outset  into 
three  groups,  an  equal  number  of  animals  being  placed  on  low,  on 
medium,  and  on  high  protein  rations.  Previous  records  were  carefully 
scrutinized  and,  as  far  as  possible,  animals  of  the  same  age  and  of 
equal  dairy  capacity  were  grouped  in  sets  of  three,  one  of  each  group 
being  placed  on  the  low,  on  the  medium  and  one  on  the  high  protein 
ration.  Since  little  was  known  as  to  the  productive  capacities  of  the 
15  cows  purchased  in  the  fall  of  1906,  these  animals  were  studied  from 
the  standpoint  of  dairy  conformation  by  the  late  Hon.  C.  M.  Winslow, 
long  time  Secretary  of  the  Ayrshire  Breeders*  Association,  and  by  one 
of  us  (C.  L.  B.),  and  were  distributed  among  the  three  groups  on  the 
basis  of  the  combined  judgments. 

At  all  times  throughout  the  long  period  of  years  the  selection  or 
rejection  of  a  candidate  for  entrance  to  the  trials  was  a  matter  of  care- 
ful study  as  was,  also,  the  dismissal  of  one  which  had  served  in  her 
day  and  generation.  In  other  words,  the  animals  were  chosen  as  it 
were  by  selective  draft  and  dropped  by  a  board  of  survey. 

It  should  be  noted  that  during  the  long  course  of  these  trials  many 
cows  necessarily  were  withdrawn.  Death,  old  age,  sickness,  udder 
mishaps  and  many  other  causes  conspired  to  this  end.  Substitutions 
were  frequently  made.  However,  the  same  care  was  taken  in  such 
events  as  at  the  outget  of  the  trials  to  make  certain  as  nearly  as  might 
be  that  adequate  choices  were  made. 

For  example,  by  the  close  of  the  very  first  year  havoc  had  been 
played  with  the  carefully  constructed  groups  which  in  December,  1906, 
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started  on  the  long  journey  in  the  continuous  or  alternating  trials. 
No  less  than  14  of  the  42  cows  had  failed  to  make  good  and  were 
demoted.  In  the  long  continuous  trials  four  aborted,  one  died,  one 
proved  barren  and  four  were  withdrawn  for  one  reason  and  another; 
and  in  the  lactation  alternation  trials  one  aborted,  one  became  too  lame 
to  walk,  one  died  and  another  was  withdrawn.  The  first  year's  casual- 
ties were  heavier  than  thereafter  occurred ;  but  they  serve  to  indicate 
some  of  the  difficulties  met  on  the  long,  long  trail  which  ran  from  1906 
to  1919.  Of  course  not  a  single  one  of  these  records,  or  any  other  like 
them,  figure  in  the  final  outcome. 

THE  LOW   PROTEIN  GROUPS 

The  low  protein  groups  of  cows  were  fed  a  grain  mixture  designed 
to  contain  from  9.5  to  10  percent  of  digestible  protein.  The  low  pro- 
tein ration  had  a  nutritive  ratio  of  1 :  8.6  and  was  intended  to  furnish 
approximately  1.5  pounds  of  digestible  protein  daily  to  the  average 
cow  yielding  from  15  to  20  pounds  of  milk. 

This  low  protein  group  of  cows  was  subdivided  into  secondary 
groups,  known  as  the  "long  continuous,"  "lactation  alternation"  and 
"short  alternation"  groups. 

The  cows  constituting  the  long  continuous  sub-group  ate  the  low 
protein  grain  mixture  and  accompanying  roughages  year  after  year 
throughout  their  working  lives,  ^'  hen  receiving  any  grain  at  all.  Most 
of  them  were  animals  in  early  maturity,  that  is  to  say  they  had  passed 
their  years  of  increasing  dairy  power  and  seemed  prepared  to  work 
for  several  years  to  come  without  material  change  and  without  being 
likely  to  become  either  better  or  worse  as  viewed  from  the  standpoint 
of  production. 

The  cows  constituting  the  lactation  alternation  sub-group  were  fed 
for  an  entire  lactation  period  on  one  of  the  rations,  low  protein  for  in- 
stance, for  the  next  entire  lactation  period  on  one  of  the  other  rations, 
medium  protein  for  instance,  and  then  during  the  third  entire  lactation 
period  on  the  ration  fed  during  the  first  period,  and  during  the  fourth 
on  that  fed  during  the  second,  and  so  on.  A  lactation  meant  a  lacta- 
tion and  not  a  year.  It  did  not  include  the  dry  period  which,  as  is 
shown  on  page  59,  on  the  average  was  essentially  alike  in  terms  of 
its  duration  for  each  group.  If  a  cow  failed  to  breed  readily,  and 
milked  for  15,  20  or  25  months,  well  and  good  so  far  as  the  purposes 
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of  the  trial  were  concerned.;  she  was  kept  on  the  original  ration  for 
the  full  milking  period.  Matters  were  so  arranged  that  approximately 
the  same  number  of  lactation  alternation  cows  were  fed  upon  low, 
medium  and  high  protein  rations  at  a  given  time.  Most  of  these  cows, 
like  those  which  constituted  the  long  continuous  sub-group,  were 
animals  that  had  reached  maturity  but  were  still  young  enough  to 
remain  at  a  fairly  constant  level  of  productive  power  for  a  number  of 
years.  • 

The  cows  constituting  the  short  alternation  sub-group  were 
changed  from  one  ration,  low  protein  for  example,  to  one  of  the  other 
rations,  high  protein  for  instance,  and  then  back  again  every  five  weeks 
during  the  30  weeks  of  the  winter  feeding  season,  beginning  when  the 
cows  went  into  the  barns  in  the  fall  and  ceasing  in  the  spring,  just  be- 
fore the  cows  went  to  pasture.  This  group  consisted  of  cows  which 
were  either  so  young  that  they  would  naturally  be  expected  within  a 
year  or  two  to  increase  in  dairy  capacity,  or  of  cows  that  had  already 
passed  their  prime  and  were  therefore  not  fitted  for  use  in  trials  the 
successful  conduct  of  which  involved  several  years  of  normal  milk  pro- 
duction. In  other  words,  this  group  comprised  the  animals  that  were 
either  too  young  or  too  old  to  be  included  with  safety  in  either  the 
long  continuous  or  lactation  alternation  groups. 

This  short  alternation  experiment  was  planned  not  only  to  test  the 
question  of  protein  requirements  but  also  with  a  view  of  measuring 
the  validity  of  short  alternation  experiments  in  general,  using  the  long 
continuous  and  lactation  alternation  trials  as  a  check.  Naturally,  if 
it  can  be  determined  with  a  fair  degree  of  certainty  that  a  carefully  con- 
ducted short  alternation  feeding  trial  will  be  likely  to  afford  essentially 
the  same  results  as  the  longer  and  much  more  expensive  tests,  the 
former  and  more  economical  system  is  to  be  preferred.  Much  animal 
nutritional  work  has  been  done  in  the  past  with  a  comparatively  small 
number  of  animals,  fed  for  relatively  brief  periods,  that  is  to  say,  from 
perhaps  12  to  30  weeks.  The  validity  of  the  results  secured  by  means 
of  these  short  tests  is  now  seriously  questioned  and  a  determination  of 
the  matter  seemed  to  be  called  for.  It  does  not  appear  too  much  to 
claim  that  the  scope  and  extent  of  the  trials  now  under  survey  are 
such  that  the  outcome,  so  be  it  that  it  is  properly  interpreted,  may  be 
deemed  to  have  settled  the  question.  In  other  words,  the  short  alterna- 
tion trials  were  designed  to  furnish  evidence  upon  which  future  plans 
might  be  based,  as  well  as  to  throw  light  upon  the  central  theme — that 
of  the  protein  requirements  of  dairy  cows. 
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THE   MEDIUM   PROTEIN   GROUPS 


The  medium  protein  groups  of  cows  were  fed  a  grain  mixture  de- 
signed to  contain  from  15.5  to  16  percent  of  digestible  protein.  The 
ration  had  a  nutritive  ratio  of  1 :  6.4  and  was  intended  to  furnish  ap- 
proximately 2  pounds  of  digestible  protein  daily  to  the  average  cow 
yielding  from  15  to  20  pounds  of  milk. 

In  the  same  manner  as  was  ^tated  above  in  connection  with  the 
low  protein  group,  the  medium  pro.tein  group  was  divided  into  three 
sub-groups;  the  long  continuous  lot,  which  received  a  medium  pro- 
tein ration  continuously  from  the  time  of  early  maturity  for  a  period 
of  eight  or  more  years  or  until  accident,  old  age  or  sickness  made  its 
members  ineligible;  the  lactation  alternation  lot  which  alternated  be- 
tween either  medium  and  low  or  medium  and  high  protein  rations 
during  succeeding  lactations;  and  the  short  alternation  lot  which  al- 
ternated between  medium  and  low  or  between  medium  and  high  protein 
rations  every  five  weeks  during  the  30  weeks  of  the  winter  feeding 
season. 

THE   HIGH    PROTEIN   GROUPS 

The  high  protein  groups  of  cows  were  fed  a  grain  mixture  de- 
signed to  contain  from  21.5  to  22  percent  of  digestible  protein.  Their 
daily  ration  of  grain  and  roughage  had  a  nutritive  ratio  of  1 :  5,  and 
was  meant  to  provide  approximately  2.5  pounds  of  digestible  protein 
to  the  average  cow  yielding  from  15  to  20  pounds  of  milk.  In  the  same 
manner  as  was  stated  above  in  connection  with  the  low  protein  group, 
the  high  protein  group  was  separated  in  three  sub-groups;  the  long 
continuous  lot  which  was  fed  the  high  protein  grain  mixture  contin- 
uously for  a  long  period  of  years ;  the  lactation  alternation  lot,  which 
changed  from  a  high  protein  to  either  medium  or  to  low  protein  rations 
during  every  other  lactation  period ;  and  the  short  alternation  lot  which 
changed  from  a  high  to  a  low  or  a  medium  protein  ration  every  five 
weeks  during  the  30  weeks  of  the  winter  feeding  season. 

THE  VERY  LOW    PROTEIN   GROUPS 

The  results  secured  with  the  three  groups  above  cited  were  suffi- 
ciently significant,  when  reviewed  in  1914,  to  warrant  the  establishment 
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of  a  sub-cellar  trial.  Consequently  beginning  that  fall,  a  considerable 
number  of  cows  were  fed  either  continuously  or  in  alternation  with 
other  rations  a  very  low  protein  ration.  The  grain  mixture  carried  only 
about  10  percent  total  protein — it  was  made  as  low  as  it  could  be  and 
still  be  palatable — and  6.5  percent  digestible  protein.  The  daily  mix- 
ture of  grain  and  roughage  had  a  nutritive  ratio  of  1  :  11.6  and  provided 
approximately  a  pound  of  digestible  protein  to  the  average  cow,  yield- 
ing from  15  to  20  pounds  of  milk.  No  short  alternation  cows  were 
used  in  this  trial,  only  long  continuous  and  lactation  alternation  sub- 
groups being  fed. 

numbers  fed 

At  the  outset  21  cows  were  scheduled  in  three  groups  of  seven 
each  in  the  long  continuous  trial,  21  cows  in  three  groups  of  seven  each 
in  the  long  alternation  trial,  and  21  cows  in  short  alternation  trials. 

The  numbers  used  varied  from  year  to  year.  All  told  there  were 
used  in  the  long  continuous  feeding  trials  42  different  cows,  8,  12,  15 
and  17  being  fed  respectively,  the  low,  medium,  high  and  very  low 
protein  rations.  In  the  lactation  alternation  feeding  trials,  34  different 
cows  were  used,  8,  10,  8  and  8  being  fed  alternately  the  low  and 
medium  protein,  the  low  and  high  protein,  the  medium  and  high  pro- 
tein and  the  very  low  and  low  protein  rations  respectively.  And  there 
were  59  different  cows  used  in  the  short  alternation  trials,  some  of 
them  more  than  once,  aggregating  127  different  groups,  fed  during 
three  to  six  five-week  feeding  periods.  No  less  than  105  different 
cows  in  the  aggregate  were  fed  during  nearly  450  years  of  cow  life. 

The  total  number  and  distribution  of  the  lactations  in  the  long 
continuous  and  lactation  alternation  trials  were  as  follows : 

Long  continuous  feeding  trials :  Low  protein  ration,  54 ;  medium 
protein  ration,  49 ;  high  protein  ration,  40 ;  very  low  protein  ration,  27. 
Lactation  alternation  feeding  trials :  Long  and  medium  protein  rations, 
40 ;  low  and  high  protein  rations,  52 ;  medium  and  high  protein  rations, 
36 ;  v^ry  low  and  low  protein  rations,  25 ;  a  total  of  323  lactation  periods. 
Not  all  of  these  were  used,  although  the  records  of  all  were  scrupul- 
ously kept  and  computed.  All  cases  of  abortion  were  excluded  and  a 
few  instances  of  obvious  abnormalities. 
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life  histories 

The  following  statement  sets  forth  the  life  histories  of  the  several 
cows  used  during  all  these  years  in  the  so-called  long  continuous  and 
lactation  alternation  groups,  up  to  and  including  June  30,  1919,  when 
the  trials  were  declared  to  be  closed  for  the  purposes  of  the  present 
publication,  and  covering  a  period  of  twelve  and  a  half  years.  The 
descriptions  take  up  considerable  room  but  seem  desirable  in  order  to 
complete  the  record.  The  statement  covers  the  entire  time  during 
which  a  given  cow  was  used.  Each  ration  in  the  long  continuous 
group  is  segregated.  The  "year"  begins  in  each  case  in  late  October 
or  early  November,  except  that  in  1906-07  it  began  on  December  2. 

These  life  histories  are  so  stated  that  anyone  who  desires  can 
readily  determine  in  any  case  just  how  long  the  cow  was  in  milk  and 
just  how  long  she  was  dry.  Thus,  for  example,  Aggie,  who  was  a 
very  shy  breeder,  in  period  I  calved  November  8,  1906,  went  dry  July 
7,  1908  and  calved  again  October  4,  1908.  Allowing  two  days  for  her 
to  get  regularly  at  milk,  she  was  in  milk  20  days  in  November,  578 
from  December  1,  1906  to  July  1,  1908  and  seven  in  July,  a  total  of 
605  days.  No  other  cow  was  so  long  in  milk  as  was  Aggie.  She  was 
dry  24  days  in  July,  62  in  August  and  September  and  calved  October 
4,  a  total  of  90  days.  The  average  lengths  of  the  milking  period  and 
of  the  dry  period  of  the  average  cow  fed  each  ration,  whether  fed 
continuously  or  in  alternation,  stated  in  terms  of  days,  appear  on 
pages  59-60. 

Vt.  Aster,  Vt.  Ivis,  Vt.  Peony,  Vt.  Una,  Vt.  Una  2nd,  Perusia 
Lady  and  Monetta  were  registered  Jerseys;  Zillah  was  a  registered 
Ayrshire ;  Fyra,  Elbaje  and  Catrina  grade  Holsteins ;  Catrina  2nd  cross 
Holstein  and  Jersey ;  the  remainder  were  grade  Jerseys. 
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The  following  statement  lists  the  cows  used  during  the  seven  years, 
1913  to  1919,  inclusive,  in  the  short  alternation  trials  by  names,  ages  and 
dates  of  calving  prior  to  their  entrance  upon  and  subsequent  to  their 
exit  from  the  trials.  These  always  covered  a  term  of  30  weeks  from 
October  to  May.  The  "periods"  were  five  weeks  long,  but  the  experi- 
mental data  was  taken  only  on  the  last  three  weeks  of  each  period, 
although  weights,  analyses,  etc.,  were  made  covering  the  entire  time. 
The  scheme  used  was  in  all  respects  similar  to  that  long  in  vogue  at 
this  Station,  as  set  forth  many  times  in  its  earlier  reports.  The  be- 
ginning and  closing  dates  of  each  trial  period  were :  1906-07,  Decem- 
ber 2-May  26 ;  1907-08,  October  25-May  21 ;  1908-09,  October  23-May 
20;  1909-10,  October  22-May  19;  1910-11,  Oct.  21-May  18;  1911-12, 
October  20-May  16;  1912-13,  October  18-May  15;  1913-14,  October  17- 
May  14. 

Minta  Bella,.  Lady  Perusia,  Monetta,  Vermont  Peony,  Vermont 
Ivis  and  Vermont  Una  2nd  were  registered  Jerseys ;  Lanta  and  Lanta 
B.  registered  Ayrshires ;  Catrina  a  grade  Holstein ;  the  remainder  were 
grade  Jerseys. 
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Of  course  all  the  cows  were  not  in  use  all  the  time.  Records  made 
when  drying  off  were  not  used,  nor  as  a  rule  those  made  in  the  first 
week  or  two  of  freshening.  Some  were  used  for  three  periods,  some 
five  and  some  six,  according  to  circumstances. 

The  Feeds 

the  roughages 

Obviously  in  a  feeding  trial  extending  over  so  long  a  period  of  time 
and  necessitating  the  use  of  so  large  a  number  of  animals,  it  was  quite 
impossible  to  feed  a  uniform  quality  of  roughage.  Seasonal  variations 
were  disturbing  factors.  Drought  sometimes  cut  short  the  pasture 
feeding  period  and  so  parched  the  meadows  that  there  was  no  rowen 
crop.  In  some  years  the  hay  contained  much  clover  and  in  other  years 
less.  In  some  years  it  was  cut  early  and  secured  undamaged ;  in  others 
damage  occurred.  It  was  usually  a  good  grade  of  early  cut  stock  hay 
of  mixed  grasses,  largely  timothy,  with  a  fair  to  good  proportion  of  red 
and  alsike  clovers.  The  University  Farm  carries  a  large  number  of 
cows  in  proportion  to  its  area,  and  hence  it  became  necessary  occasion- 
ally to  buy  hay.  Quite  often  oats  cut  green  formed  a  small  proportion 
of  the  hay  ration.  The  rowen  crop,  too,  was  fed  each  year  that  it 
was  harvested,  being  usually  a  better  quality  of  hay  than  the  first  cut- 
ting. The  silage  necessarily  varied  one  year  as  compared  with  another. 
Sanford  seed  was  always  sown.  The  crop  matured  to  the  glazing 
stage  perhaps  half  the  time.  The  crop  was  large  enough  some  years 
to  last  the  year  round,  silage  being  fed  as  a  soiling  crop  and  as  pasture 
supplement.  In  other  years  it  did  not  suffice  to  carry  the  herd  through 
the  summer  and  divers  soiling  crops  were  grown  (green  rye,  peas  and 
oats,  alfalfa  and  millet).  One  year  the  corn  crop  was  very  light  and 
the  silage  supply  was  exhausted  in  March  and,  consequently,  com 
fodder  was  purchased  and  a  "mock  silage"  fed  to  good  advantage.^ 
Apple  pomace  was  fed  each  fall,  sometimes  freely,  sometimes  less 
freely,  according  to  the  size  of  the  apple  crop.  However,  in  all  cases 
all  the  cows  were  treated  alike  in  respect  to  roughage  consumption. 
Consequently  it  is  thought  that  these  inevitable  variations  in  the  quality 
and  quantity  of  roughage  have  not  materially  affected  the  general  out- 
come. All  roughages  were  sampled  weekly  and  analyzed  at  least  twice 
a  year.     Dry  matter  determinations  were  made  weekly. 


iSee  Vt.  Sta.  Bui.  170,  pp.  126-127   (1918). 
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The  amounts  fed  daily  were  approximately  the  same  for  each  of 
the  three  groups  of  cows.  The  maximum  amount  of  silage  fed  daily 
was  40  pounds,  which  was  given  to  a  few  cows  yielding  exceptionally 
large  amounts  of  milk.  Cows  yielding  a  little  above  the  herd  average 
received  30  pounds ;  average  cows  25  pounds ;  and  those  slightly  below 
the  average,  20  pounds  daily.  The  hay  was  apportioned  according  to 
appetite,  from  8  to  20  pounds  daily  being  fed  to  all  animals,  whether  in 
milk  or  not,  according  to  size  and  condition.  The  amount  of  "orts," 
or  uneaten  food,  left  by  the  different  animals  was  closely  watched  and 

m 

formed  the  chief  guide  in  determining  the  amount  of  roughage  to  feed 
each  cow. 

The  situation  as  to  the  necessity  for  pasturage  and  its  effect  upon 
the  outcome  are  set  forth  in  full  on  pages  41-42. 

The  following  table  shows  the  proportions  of  total  food,  i.  e.,  hay, 
silage,  concentrates;  of  total  dry  matter;  of  digestible  dry  matter; 
and  of  digestible  protein,  derived  from  the  three  sources,  i.  e.,  the  two 
roughages  and  the  concentrates  in  each  ration  as  fed  to  the  cows  in 
the  two  main  groups,  the  last  three  items  being  derived  by  the  use  of 
average  figures  as  displayed  in  the  tables  on  pages  36-37. 

FEBCENTAGES   OF  TOTAL  FOOD,  TOTAL  DRY    MATTER,   DIQESTIBLE  DRY   MATTES  AND   DIGESTIBLE 

PROTEIN    (TOTAL  =:  100)    DERIVED  FROM 

DUrestible 
Ration  Total  food  Total  dry  matter  dry  matter  Digestible  protein 

Hay  Silage  Grain    Hay  Silage  Grain     Hay  Silage  Grain     Hay  Silage  Grain 

%         %        %  %         %        %  %         %         %  %         %         % 

Long  continuous  feeding  trials 

Very  low    ...  15.4  19.9  64.7  38.  32.6  29.4  33.8  31.1  33.9  35.9  25.5  38.6 

Low    17.5  22.9  59.6  40.6  27.9  31.5  36.9  28.  35.1  31.3  17.7  51. 

Medium 17.1  22.1  60.8  39.7  29.9  31.4  36.  29.  35.  23.5  14.  62.5 

High    18.1  22.7  59.2  39.8  27.5  32.7  35.8  27.3  37.  18.6  10.6  70.8 

Lactation  alternation  trials 

Very  low   ...  15.8  20.4  63.8  38.4  31.8  29.8  34.2  31.3  34.4  36.8  24.4  38.8 

Low    18.2  23.7  58.1  41.2  26.7  32.1  37.4  26.8  35.7  31.6  16.8  5L6 

Medium 17.7  23.2  59.1  40.7  27.5  31.8  37.  27.5  35.4  24.  13.3  62.7 

Higb    18.2  23.1  59.7  40.3  27.1  32.6  36.1  26.8  37.1  18.9  10.4  70.7 

Expressed  in  terms  of  fractions,  the  following  statement  indicates 
th6  situation  in  a  general  way. 

Total  digestible 
Total  food  Total  dry  matter  matter 

Hay    Silage    Grain    Hay    Silage    Grain     Hay    Silage     Grain 

Very   low   ration...     1-6 — 1-5      5-8+     3-8       1-3      3-10        1-34-  3-10      1-3+ 
Low,  medium, 
high   rations 1-6      2-9      3-5—    2r5      1-4+  1-3—      3-8      1-4+     3-8— 
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It  will  be  observed : 

( 1 )  That  the  proportions  of  grain  to  roughages  were  kept  closely 
alike  in  the  different  groups.  This  is  especially  true  in  the  main  trials 
in  which  the  low,  medium  and  high  protein  rations  were  fed,  the  spread 
being  but  3^4  percent. 

(2)  That  the  proportions  of  total  and  of  digestible  dry  matters 
derived  from  the  three  sources  in  the  four  rations  were  closely  similar, 
especially  in  the  trials  in  which  the  low,  medium  and  high  protein 
rations  were  fed,  in  which  the  spreads  were  respectively  3  and  4% 
percents. 

(3)  That  the  proportions  of  digestible  protein  derived  from  the 
three  sources  in  the  four  rations  changed  profoundly,  as  was  to  be 
expected,  the  averages  being  for  the  very  low,  low,  medium  and  high 
protein  rations  in  the  order  stated:  Hay  % — ,  %o>  >4 — >  % — I  silage 
silage  %,  %,  %,  Mo+»  contentrates  %+,  %+,  %,  %o- 

It  would  seem  as  if  the  attempt  so  to  formulate  the  rations  that 
essential  uniformity  would  be  secured  as  to  the  proportions  of  rough- 
ages and  concentrates,  not  only  in  the  gross  but  as  to  the  total  and 
digestible  dry  matter  contents,  had  been  attained  within  a  reasonable 
limit  of  error. 

THE  CONCENTRATES 

Much  careful  thought  was  given  to  the  determination  of  the  nature 
of  the  concentrates  which  should  be  used  and  of  the  proportions  in 
which  they  should  be  employed.  As  finally  selected,  wheat  bran  and 
ground  oats  formed  the  basis  of  each  mixture,  the  other  constituents 
being  added  in  such  kinds  and  amounts  as  would  furnish  the  desired 
composition.  The  four  mixtures  were  so  formulated  as  to  contain  as 
nearly  as  might  be  the  same  amounts  of  ash,  digestible  crude  fiber,  and 
total  digestible  nutrients,  the  only  varients  being  the  digestible  protein 
contents  and,  as  a  necessary  sequence,  the  digestible  nitrogen- free- 
extract  matter  contents.     The  grain  mixtures  were  made  up  as  follows : 


Corn- 

Cotton- 

Protein 

Wheat 

Ground 

and 

Hominy 

Gluten 

seed 

Linseed 

contents 

bran 

oats 

cob-meal 

feed 

feed 

meal 

meal 

Very  low  . . 

100 

100 

300 

100 

•   •   • 

•   ■   • 

•   •   • 

Low 

300 

200 

•   •   • 

200 

•    ■    ■ 

•   •   ■ 

•   ■   • 

Medium    . . 

300 

175 

•   •   • 

... 

100 

125 

■      ■      V 

High   

200 

100 

■   ■   ■ 

... 

■  •   • 

200 

200 

Wheat  bran  and  ground  oats  were  common  to  all  four  mixtures ; 
hominy,  gluten  feed  and  corn  and  cob-meal,  all  com  products,  were 
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found  in  the  low,  medium  and  the  very  low  protein  mixtures ;  while 
cottonseed  meal  was  common  to  the  medium  and  high  protein  mixtures. 

Multitudinous  chemical  analyses  were  made  during  the  twelve  and 
one-half  years.  Each  individual  concentrate  entering  into  the  grain 
mixtures  was  analyzed  as  well  as  the  separate  mixtures  after  they  had 
been  compounded  ready  for  use,  samples  being  taken  either  weekly  or 
bi-weekly.  The  average,  maximum  and  minimum  analyses  of  the 
several  roughages,  concentrates,  grain  mixtures,  etc.,  together  with  a 
statement  of  their  contents  of  manurial  ingredients  and  digestible 
nutrients  are  shown  in  tables  on  pages  36  to  37. 

It  is  evident  that  the  requirements  as  stated  above  for  the  four 
grain  mixtures  were  met ;  that  the  digestible  ash,  fiber  and  total  organic 
nutrient  contents  were  practically  identical.  The  very  low  protein 
mixture  contained  on  the  average  6.36  percent  of  digestible  protein; 
the  low  protein  mixture,  9.76  percent;  the  medium,  15.77  percent;  and 
the  high,  21.78  percent,  with  corresponding  differences  in  digestible 
nitrogen- free-extract  contents. 

The  concentrates  used,  wheat  bran,  ground  oats,  hominy  feed, 
gluten  feed,  cottonseed  meal,  old  process  linseed  meal  and  com  and  cob- 
meal,  were  bought  in  the  open  market.  No  attempt  was  made  to  con- 
fine purchases  to  definite  commercial  brands,  in  view  of  the  fact  that 
brand  names  in  the  feed  trade  are  apt  to  mean  very  little.  However, 
standard  materials  were  bought  and,  it  is  believed,  received.^  During 
a  portion  of  one  year  new  process  linseed  meal  was  used,  since  old 
process  goods  could  not  at  that  time  be  found  on  sale  in  Vermont. 

THE  DIGESTION  COEFFICENTS 

The  digestion  coefficients  were  derived  in  the  main  from  Lindsey's 
compilation.^  Obviously  the  validity  of  the  results  of  such  an  experi- 
ment as  is  now  being  discussed  depends  in  a  controlling  degree  upon 
the  accuracy  of  the  digestion  coefficients.  Since  Lindsey's  compilation 
was  more  nearly  up-to-date  in  1906  than  any  other  list  then  available, 
and  since  a  large  proportion  of  the  data  was  of  New  England  origin, 
it  was  thought  that  they  would  meet  the  conditions  of  the  trials  more 
accurately  than  any  other  available  coefficients. 

The  writers  can  not  help  but  feel  somewhat  uncertain,  particularly 
as  to  the  ash  and  fiber  coefficients  of  the  roughages ;  but  they  are  com- 


*The  debasement  of  cottonseed  meal  of  late  years  as  compared  with  Its  earlier 
quality  made  it  somewhat  difficult  to  maintain  the  full  protein  percentage  of  the 
hirh  ration  toward  the  end. 

>Mass.  Sta.  Rpt.  18,  pp.  224-248   (1906). 
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forted  by  the  reflection  that  the  final  determination  made  by  two  of 
them  (J.  L.  H.  and  C.  L.  B.)  was  the  result  of  much  careful  compari- 
son and  correspondence  and  that  they  did  their  best. 


V*y  low  protein  gr'ain  mixture 
Low  protein  grain  mixture . . 
Med.  protein  grain  mixture. . 
High  protein  grain  mixture. 

Wheat  bran 

Ground  oats*   

Hominy  feed 

Cottonseed  meal'    

Gluten  teed.* 

Linseed  meal^ 

Corn  and  cob  meaP 

Corn  silage 

Green  hay  

Oats  and  peas   

Millet  (sundrled)    

Green  barley   

Green  alfalfa 

Green  millet 

Oat  hay   

Mixed  hay  

Apple  pomace" 

Rowen  hay 


Nitrogen- 

- 

Dry 

Crude 

free- 

Ether 

matter 

Ash 

Protein 

fiber 

extract 

extract 

75.8 

33 

62.7 

44.5 

83.3 

81.7 

71.7 

28.4 

73.9 

43.3 

77.6 

77 

72.2 

26.4 

79.6 

40.3 

76.1 

76.4 

74 

23.6 

82.6 

41.1 

75.6 

82.1 

66 

25 

77 

39 

71 

63 

70 

25 

78 

26 

76 

83 
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NATURE  OF  THE  PROTEIN  CONTENTS 

It  has  been  many  times  and  from  many  sources  indicated  of  late 
that  all  digestible  proteins  are  not  alike;  that  digestible  protein  de- 
rived from  wheat,  for  example,  is  notably  lacking  and  unable,  per  se, 
to  maintain  production ;  that  zein,  gelatin  and  other  single  proteins  by 
themselves  are  unable  to  maintain  growth  without  the  admixture  of 
other  proteins.  In  all  the  trials  discussed  in  this  bulletin  and  in  No. 
226,  the  sources  of  digestible  protein  were  many — ^mixed  hay,  silage, 
apple  pomace,  sundry  soiling  crops,  wheat  bran,  oats,  hominy  feed, 
gluten  feed,  cottonseed  and  linseed  meals.  Now  the  sources  of  diges- 
tible protein  in  the  concentrates  in  the  very  low  and  low  protein  rations 
are  identical ;  but  it  was  necessary  to  introduce  into  the  medium  ration 
a  different  material  in  somewhat  small  quantities  and  into  the  high 
protein  ration  two  other  ingredients  in  large  quantities.  The  approx- 
imate derivations  of  the  digestible  protein  contents  of  the  several 
rations  was  as  follows: 


^European  coefficients. 

«Ash,  from  U.  S.  Dept.  Agr.,  Of.  Exp.  Sta.,  Bui.  77  (1900). 

*Ash ;  assumed  hominy. 

^Ash ;  assumed  flax  meal,  Mass.  Sta.  Rpt.  13,  p.  51    (1900). 

"Mass.  Sta.  Rpt.  16,  p.  68   (1904). 
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Cob  meal, 
hominy  meal, 
Ration         Hay    Silage     Bran       Oats  gluten  feed     Cottonseed         Linseed 

%  %  %  %  %  %  % 

Very  low  . .  36.4  25.  11.3        8.7  18.7 

Low    31.5  17.3  26.6  13.9  10.7 

Medium  ...  23.8  13.7  19.3        8.8  11.9  22.5 

High 18.7  10.5  10.4        4.  ...  29.2  27.2 

From  hay,  silage,  bran  and  oats  were  derived  81.4,  89.3,  65.6 
and  43.6  percents  of  the  digestible  proteins  in  the  four  rations;  and 
from  hay,  silage,  bran,  oats  and  corn,  100,  100  and  77.5  percents  of  the 
digestible  protein  of  three  of  the  four  rations.  It  probably  would  have 
been  better  to  have  used  gluten  meal,  a  corn  product,  in  place  of  cotton- 
seed and  linseed  meals,  had  it  been  available ;  but  it  was  not  available. 
Its  manufacture  as  such  had  been  discontinued  some  years  before  the 
trials  began.  Only  within  the  last  two  or  three  years  has  it  reappeared 
in  Eastern  markets.  Furthermore,  at  the  time  these  trials  were  in- 
augurated, the  distinction  between  proteins  as  to  their  feeding  values 
was  not  appreciated  as  fully  as  it  it  today. 

The  writer  knows  of  no  evidence  based  on  experimental  trials 
which  would  tend  to  prove  that  in  any  of  these  rations  the  cows  were 
not  supplied  with  a  sufficient  variety  of  digestible  protein.  Aside 
from  that  in  the  hay,  every  cow  received  digestible  protein  derived 
from  wheat,  oats  and  corn  (in  silage  or  concentrates).  In  other  words, 
every  cow  ate  protein  derived  from  four  sources.  The  cows  fed  the 
medium  and  high  protein  rations  ate  this  nutrient  derived  from  five 
or  six  sources.  It  is  conceivable,  though  the  writer  does  not  deem  it 
probable,  that  the  large  proportion  of  the  digestible  protein  in  the  high 
protein  rations  derived  from  cottonseed  and  linseed  meals  disadvan- 
taged the  cows  eating  these  rations  as  compared  with  those  fed  the 
other  two.  If  so,  the  fact  has  yet  to  be  determined  by  further  experi- 
mental work;  at  any  rate  no  conclusive  evidence  to  the  contrary 
as  come  to  the  writer's  attention. 

No  attempt  was  made  to  determine  the  true  protein  and  non- 
protein contents  of  the  several  roughages  and  concentrates.  Non- 
proteins existed,  but  their  presence  was  ignored,  total  nitrogen  being 
calculated  as  crude  protein  and  the  standard  digestion  coefficients 
used,  as  suggested  by  Armsby.^  The  proportions  of  true  proteins  to 
non-proteins  in  the  several  rations  apparently  were  not  materially  un- 
like. If  this  is  so,  the  error  thus  introduced,  if  any,  was  of  little 
moment. 


»U.  S.  Dept.  AxT.,  Bu.  An.  Ind..  Bui.  139  (1911). 
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THE  ASH  CONTENTS 

The  ash  content  of  the  various  rations  seemed  sufficient  in  each 
case.  At  any  rate,  no  one  of  them  was  deemed  at  the  outset,  or  is 
thought  now  in  the  retrospect,  to  have  been  decidedly  lacking  or  to 
have  been  a  limiting  factor.  The  utilization  of  the  digestible  crude 
ash  in  the  food  in  the  milk  flow  rarely  exceeded  30  percent  and  in  only 
a  single  instance  exceeded  40  percent  (see  tables  A  to  F  folded  in 
opposite  page  64).  Thi§  fact  would  apparently  amply  justify  the 
statement  made  in  the  preceding  sentence.  Indeed,  Forbes  and  his 
co-workers^  who,  if  anyone,  are  entitled  to  express  an  opinion  touch- 
ing bovine  usage  of  the  ash  constituents  of  food — ^say  "that  the  mineral 
metaboHsm  of  the  wellfed,  heavily  milking  cow  is  not  intimately  and 
directly  dependent  upon  the  mineral  nutrients  of  the  ration,  but  that  its 
character  is  determined  under  normal  conditions,  first  by  the  inherited 
impulse  to  secrete  milk,  second,  by  the  mineral  nutrient  reserves  of  the 
animal  body  and  only  third  by  the  food  supply." 

The  Feeding  System 

The  cows  were  fed  twice  daily,  the  concentrates  first  being  offered, 
followed  by  the  hay  and  silage,  all  in  carefully  weighed  amounts. 
For  the  sake  of  convenience  the  low,  medium,  high  and  very  low 
protein  grain  mixtures  were  known  respectively  as  the  red,  white,  blue 
and  green  mixtures.  The  feed  bins  in  which  they  were  stored  were 
labeled  accordingly  with  red,  white,  blue  and  green  cards.  The  cart 
from  which  the  feed  was  dealt  out  to  the  cows  was  separated  into  com- 
partments appropriately  painted.  The  cards  which  were  affixed  to 
each  manger,  designating  the  amount  of  grain  to  be  fed  each  -animal, 
were  either  red,  white,  blue  or  green,  thus  indicating  the  kind  of  grain 
to  be  fed.  These  were  changed  from  time  to  time  as  the  amounts  to 
be  fed  varied  as  the  lactation  advanced.  Larger  cards  of  other  colors 
were  used  to  indicate  the  amount  of  hay  (yellow)  and  silage  (light 
brown)  to  be  fed.  This  color  scheme  was  adopted  for  the  reason  that 
it  seemed  Hkely  to  minimize  the  possibility  of  error,  and  it  enabled  the 
use  of  ordinary  farm  help  in  feeding.  It  should  be  remarked,  however, 
through  nine  of  the  long  series  of  years,  the  feeding  was  done  by  one 
experienced  man  together  with  a  helper,  and  that  the  essential  accuracy 
of  stable  work  was  frequently  and  carefully  checked. 


iQhio  Sta.  BuL  330.  p.  103  (1918). 
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A  daily  report  blank  was  filled  out  by  the  herdsman,  in  order  to 
furnish  records  of  calving,  service,  cows  sick  or  off-feed,  cases  of 
garget  or  other  udder  trouble,  dates  and  weights  of  grain  mixing, 
changes  in  the  feed  of  the  different  individuals  in  the  herd,  etc.  In 
order  to  guard  against  error  and  against  possible  oversight  on  the  part 
of  the  herdsman,  such  as  failure  to  record  changes  in  feed  of  any  in- 
dividual cow  upon  the  daily  sheets,  a  separate  record  of  the  kind  and 
amount  of  grain,  hay  and  silage  apportioned  to  each  animal  in  the  herd 
was  made  once  a  week  by  an  independent  observer.  This  record  was 
taken  from  the  grain,  hay  and  silage  cards  in  front  of  the  manger  of 
each  cow  and  was  compared  with  the  daily  report. 

The  food  left  uneaten  by  each  animal  was  weighed  and  recorded 
at  frequent  intervals,  and  the  amount  of  this  weighed-back  material 
deducted  from  the  total  weight  of  the  food  fed.  It  was  always  small 
in  quantity,  appetites  being  carefully  estimated.  It  is  recognized  that 
the  composition  of  this  rejected  material  may  not  have  been  the  same 
as  that  of  the  entire  ration;  but  it  would  have  involved  an  immense 
amount  of  work  to  have  analyzed  these  residues  and  to  have  deducted 
their  nutrients.  Furthermore  in  a  general  way  the  nature  of  these 
residues  was  noted  and  recorded.  Since  the  quantity  thus  left  was 
always  small  and  the  digestion  coefficients  applicable  to  this  coarse 
material  difficult  to  determine,  the  procedure  above  outlined  was 
deemed  sufficiently  accurate  to  serve  the  purpose. 

apportionment  of  grain 

Each  cow  was  fed  grain  according  to  the  amount  of  milk  solids 
she  produced.  At  intervals  of  four  to  six  weeks  grain  allowances  were 
reapportioned  according  to  the  weights  of  total  solids  produced  during 
the  previous  week.  During  the  winter  about  seven  pounds  of  grain 
were  fed  as  a  rule  to  a  cow  that  produced  an  average  amount  of  total 
solids.  Cows  yielding  a  greater  or  less  .amount  of  total  solids  than  the 
average  for  the  herd  were  fed  correspondingly  greater  or  less  amounts 
of  grain.  For  instance,  if  the  average  daily  yield  of  total  solids  for  the 
herd  was  3.6  pounds  per  cow,  then  each  cow  yielding  3.6  pounds  of 
milk  solids  per  day  was  entitled  to  and  usually  received  seven  pounds 
of  grain ;  cows  yielding  2.7  pounds  of  total  solids  were  fed  three- fourths 
of  that  amount  or  5.25  pounds  and  those  yielding  4.8  pounds  one  and 
a  third  .times  seven  pounds,  or  9.3  pounds  daily. 
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This  procedure  may  be  made  the  more  clear  if  explained  by  ex- 
ample. Let  us  assume  that  45  cows  were  in  milk.  Their  individual 
total  weekly  milk  yields,  multiplied  by  the  individual  total  solid  percent- 
ages, furnish  their  individual  weekly  total  solid  yields  in  terms  of 
pounds.  These  being  added  and  used  as  a  divisor  of  45  (cows)  X  7 
(days)  X  7  (pounds  grain  per  average  cow),  or  2205,  the  final  result 
indicates  the  pounds  of  grain  to  be  fed  daily  per  pound  total  solids  in  a 
given  cow's  milk.  If,  for  example,  the  gross  total  solid  yield  for  the 
week  was  929.4  pounds  then  2205  -^  929.4  =  2.3725 ;  and  2.3725  pounds 
of  grain  are  to  be  fed  daily  for  every  pound  of  daily  yield  of  total 
solids. 

Cow  A.  3.4   pounds  X  2.3725  =  8.1  pounds  grain. 

Cow  B.  3.05  pounds  X  2.3725  =  7.2  pounds  grain. 

Cow  C.  2.94  pounds  X  2.3725  =  7.    pounds  grain. 

Cow  D.  2.15  pounds  X  2.3725  =  5.1  pounds  grain. 

From  the  time  when  the  cows  were  turned  to  pasture  in  late  May 
and  until  about  the  middle  of  July  when  the  pasture  became  short  and 
dry,  one-half  the  usual  grain  allowance  was  given,  the  amounts  fed  be- 
ing kept  in  strict  proportion  to  the  total  solids  yields  as  was  the  case 
during  the  other  ten  months  of  the  year. 

The  Analytical  Control 

milk  sampling  and  analyses 

The  milking  was  done  by  the  regular  farm  help,  with  the  addition 
of  such  student  labor  as  could  profitably  be  used.  One  man  devoted 
his  entire  attention  at  milking  time  to  weighing  and  sampling. 

During  the  earlier  years  the  milk  yielded  by  the  cows  other  than 
those  fed  in  short  alternation  was  sampled  for  seven  consecutive  milk- 
ings  every  two  weeks,  and  the  composite  samples  tested  for  their  total 
solids  and  fat  contents.  Every  other  sample,  or  one  each  month,  was 
subjected  to  complete  chemical  analysis.  Later  the  system  was  slightly 
changed  so  that  two  composite  samples  were  taken*  in  five  weeks.  The 
first  sample,  which  included  the  last  seven  milkings  at  the  end  of  the 
second  week,  was  tested  for  its  total  solids  and  fat  contents;  the  sec- 
ond, which  comprised  the  last  seven  milkings  at  the  end  of  the  fourth 
week,  was  subjected  to  complete  analysis.  During  the  winter  feed- 
ing trials,  the  milk  of  the  cows  listed  in  the  short  alternation  trials  was 
sampled  continuously  during  the  experimental  portion  of  each  period. 
During  the  remainder  of  the  year  the  same  method  of  sampling  was 
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pursued  as  was  employed  with  the  animals  on  the  long  time  feeding 
trials. 

The  fat  contents  were  determined  by  duplicate  Babcock  tests ;  the 
total  solid  contents  were  determined  by  triplicate  Quevenne  lactometer 
readings  (using  different  instruments)  and  the  application  of  the  Rich- 
mond slide  rule ;  the  casein  and  albumin  (together)  were  determined  by 
multiplying  the  nitrogen  content  by  the  conventional  factor  6.25^ ;  the 
ash  was  determined  by  incineration ;  and  the  milk  sugar  was  determined 
by  difference.  Actual  total  solid  determinations  would  have  been  worth 
while  but  it  was  impracticable  to  make  them.  However,  so  vast  was 
the  number  of  samples  and  determinations  that  it  is  quite  certain  that 
the  averages  correctly  represent  the  facts. 

FEED  sampling  AND  ANALYSES 

Samples  were  taken  continuously  throughout  the  year.  The  grain 
was  sampled  every  two  weeks,  samples  being  taken  not  only  of  the 
grain  mixtures  but  of  each  ingredient.  All  these  were  analyzed  for 
dry  matter  and  composited  for  semi-annual  (or  more  frequent)  com- 
plete analyses.  The  analyses  of  the  ingredients  served  as  a  check  on 
the  mixing  and  on  the  accuracy  of  the  sampling  and  of  the  analyses 

The  roughages  were  sampled  every  week,  three  separate  samples 
of  silage  being  taken  and  two  of  hay.  Large  samples  of  several  pounds 
each  were  taken  and  placed  in  a  special  gas-heated  drying  device  cap- 
able of  handling  a  dozen  or  more  samples,  weighing  approximately  75 
to  100  pounds.  Moisture  determinations  were  made  on  each  sample 
individually,  after  which  semi-annual  (or  more  frequent)  complete 
chemical  analyses  were  made  of  composite  samples,  composed  of  equal 
amounts  of  roughage  taken  from  the  separate  original  samples.  The 
standard  official  methods  were  employed.  All  samples,  subsequent 
to  the  determination  of  their  dry  matter  contents,  were  stored  under 
vermin  proof  conditions  and,  prior  to  analyses,  the  entire  masses  of 
each  were  ground  in  the  power  mills  of  a  local  wholesale  drug  house. 


'When  these  trials  were  Instituted,  the  6.25  conversion  factor  was  In  universal 
usage.  Some  time  after  they  were  under  way,  the  6.38  conversion  factor  was 
officially  adopted  for  milk  albuminoids,  although,  as  Is  pointed  out  in  several  food 
chemistry  manuals  of  recent  date,  the  6.25  factor  Is  still  quite  commonly  employed. 
A  large  amount  of  computational  work  was  done  before  the  6.38  factor  was  officially 
adopted  and  much  more,  through  Inadvertence,  thereafter ;  hence  the  6.25  factor 
was  used  throughout  the  great  mass  of  computations.  The  differences  Involved  by 
its  usage  are  not  large  in  any  case.  Anyone  who  desires  to  re-compute  can  readily 
do  so  by  multiplying  by  1.02  the  casein  and  albumin  figures  In  the  great  tables 
A  to  F  which  are  folded  In  opposite  page  64  or  In  the  tables  on  pages  126  and  129, 
whether  these  figures  are  stated  In  terms  of  percentage  or  In  terms  of  pounds ; 
and  by  subtracting  the  increments  thus  obtained  from  the  milk  sugar  figures, 
whether  stated  as  percentages  or  as  pounds.  The  average  percentage  figures 
win  be  increased  or  decreased,  as  the  case  may  be,  by  0.07  and  the  average  weight 
figures  by  0.01. 


36 


Bulletin  225 


OQ 

13 

!z: 

O 
Q 


P 


S 


03 

4.1 


'  3 
B 

80 
0) 

bo 


)Oi3J)X9   Joq^a 


)Oi3J)xa 
-99Jj-a9Soj:)iN 


j9qy   epnjo 


uid^ojd  opiuo 


qg-B   ©pnJO 


GQ 

H 

O 

-< 

» 

O 

P 

o 

tf 

OQ 

M 

LYS 

a 

o 

*< 

«-• 

^ 

03 

<J 

o 

!^ 

B 
o 

P 

u 

M 

f«5 

^IM 

M 

c4 

y. 

u 

< 

6 

.c 

Q 

c; 

>5 

< 

jaU'BUx  iCjQ 


qsis^od 


PJOB 

OfJoqdBoqd 


U9dOJ)IM 


i^ovji^xs   Jdqia 


jaqn   apnjo 


ui9)0Jd  opnjo 


qsv   dpnjo 


J9);bui  XjcI 


J»^^AV 


SdSXl-BUB   JO    -Oti. 


^ 

CO  O  lO 

ooo  -^ 

•       •       • 

fH  O  iH 

0>  "^l  CO 

•        •        • 

O  O  rH 

rH  O  00 
CO  O  00 

•            •           • 

rH  iH  rH 

L40 
1.00 
1.98 

00 

y^ 

m 

O 

CO 
CO 

• 

CO  CO  kO 
•1**  04  b- 

•           •           • 

O  OO 

iH  ^  CO 
kO  CO  CO 

Ooo 

00  A  00 

ooo  o> 

•        •        • 

^  "*«<  kO 

3.75 
3.06 
4.19 

# 

O  lO  b- 

a»  A  ^ 
... 

lO  o  o 

CSl  04  CO 

CQ  00  00 
lO  00  lO 

•            •           • 

CO  rH  t>- 
C4  rH  Oil 

O  0»  kO 
©4  tr-  t- 

•           •           • 

C3  0»<^ 
C4  rH  04 

■^  "^  Ti* 

kO  CO  0> 

... 

CO  rH  to 
04  04  04 

CO 

• 

CO 

CO 
CO 

• 

o 

CO 

kO  LO  kO 

00  CO  kO 
... 

00  kO  CO 

rH  o  kO 
O  CO  CO 

04*  a»  CO 

rH         r-t 

CO  '^  kO 

oe^  A 

•    •    • 

04  O  CO 

CO  CO  CO 

b.  CO  kO 

^  CO  A 
^  CO  CO 

# 

r-(  O  0» 
tH  O  t« 

■           •            ■ 

l>  CXI  0> 
tH  tH  VH 

oa  "^  -^ 

O  t-  CO 

*           ■            ■ 

^  lO  00 
rH         rH 

rH  CO  rH 
rH  ^  CO 

•            •            • 

"^  04  CO 

rH  rH  rH 

to  CO  to 
OOCOrH 

•           a            ■ 

CO  rH  » 

b- 
04 

CO 

b- 

■ 

rH 

CO  o»o 
O  AO 

■           •            • 

^  04  kO 

kO  o»09 

Oi  rH  kO 
•      .      . 

rH  ,H  Cq 

CO  O  CO 

coo  o 

•       •       • 
CO  CO  ^ 

l^rH  rH 

coW'* 

^ 

00  CO  CO 
Id  A  c«- 

... 
^Cfl  CO 

00  b-00 

CO*^  CO 
... 

CO  rH  lO 

b-kO  A 
04  rH  0» 

•            •           • 

^  CO  -^ 

lO  CO  o> 

CO  CO  04 

•      •      . 

kO  ^  CO 

csi 

kO 

CO 

• 

CO  A  A 

O  CO  "^^ 
■      .      . 

rH  O  iH 

•  •      • 

•  •      < 

•  •      • 

t-co-^ 

00  b>  kO 

•        .       • 

rH  A  CO 
04  rH  04 

t«00  04 

t^oooo 
td"^  «^ 

^ 

00  t-  U3 
OOCOt-I 

•        •        • 

cq  w  -^ 

C9  CO  0) 
04  C^  C^ 

oi  o  CO 

^CO  t« 

00  rH  04 

04  c4  CO 

OOCOrH 
04  00  00 

CO  04  CO 

OS 

• 

00 
CO 

CO 

rHlOCO 
kO  COOO 

•            ■           • 

ooo 

CO  CO  CO 

<^  eoko 

OOO 

lO  kO  kO 

CO  CO  kO 
«       .        . 

rH  rH  rH 

^  COCO 
rH'H^H 

^ 

CO  o>  t- 

-^  ^  o 

•       .        • 

tH  O  »0 

Oq  CO  l> 

CO  rH  00 

id  04  esi 

^  04  lO 

to  O  CO 
04  09  03 

•           •            • 

CO  lO  l> 

^  ^  <^ 

•^  O-^ 

00  t«  04 

... 

00  -tt*  04 

^  ^  to 

S2^ 

04  to 

OQ  rH  to 

00  rH"^ 
OO-^  CO 

•           •            • 

'^  rH  rH 
rHrH  04 

b-  Oi  CO 
0>  CO"** 

*        •        • 

"^  04  t- 
rHrHrH 

b-  O  CO 

rH  00  rH 
•      .      • 

CO  ^  t* 

CO  CO  CO 

_•  ©4  CO 
O  ^  00 

^  ©a  kO 
^CO  CO 

# 

'^  00  o 

ooio  -^ 

•          ■          • 

T-*  O  CO 

l>  03  o 

•^  "^  00 

•        •         • 

rH  O  C4 

04  CO  lO 
04  0»  Oq 

•            •            • 

C4  O  CO 

04  04  O 

O)  CO  00 

•         •         ■ 

rH  rHCSJ 

0 

0  00 

08 

oq 
o 

CO 

OOO  CO 
"*«<  rH  CO 

■            •           • 

OOO 

00  CO  CO 
rH  rH  04 

*            ■           ■ 

OOO 

b-  'H  CO 
CO  rH  CO 

■            «            ■ 

rH  rH  rH 

rH<=>'-« 

^ 

t-  00  CO 

^csi  cp 
o  o  o 

t*  b-  Oi 

CO  rH  -fJ^ 

•            ■            • 

o  o  o 

O  rH  O 
CO  -^  00 

O  OO 

00  '^  A 
lO  -^  C- 

■            •            • 

O  O  © 

1- 
So 

OO 

b- 
kO 

■ 

o 

CO  O)  CO 

tH  OCq 
... 

OOO 

00  kOO 
O  O  rH 

_•      •     • 

Ooo 

COCO  ^ 
rH  CO-* 

04  rH  04* 

ooowa 

CqrH04 

>^ 

00  CO  Oi 
C^  00  00 

•         •         ■ 

rH  O  »H 

lO  o»  o 

O  '^CO 

•         •         • 

rHOiH 

0>  to  rH 
C3  Od  to 

•            •            ■ 

rH  O  rH 

0>  O  CO 
kO  CO  t- 

rH  r-J  1-i 

>* 

04 
O 

04 

Oq  rH  00 

CO  oq  "^ 

•        •         • 

OOO 

CO  b-  b- 

Ofl,H04 

Ooo 

•*  04  CO 

04  00  kO 

•            *            • 

-*  CO  * 

00  ^  00 
^  A  CO 

^ 

lO  iH  *H 
O  CO  00 

00  o  o» 

OOOilO 

... 

rH  O  Cq 

c-co  ^ 

Oa  CO  rH 

•          •          « 

04  rH  CO 

^  Oi  kO 
CO  o»  t^ 

OJ  tH  CO 

ao 

00 
04 

O  CO  kO 

coco  o 

■         •         ■ 

O  O  rH 

C3  00  <0 

r      .      • 

iH  o  rH 

kO  00  00 

.    •    • 
kO  "«<*b- 

^*kO 

^ 

rH  -^  iH 
CO  CO  rH 

■            •            • 

©a  -^  t- 

"^    CO    Tj« 

o  o  cq 
CO  o  cq 

00  00  id 

CO  rH  ^ 

00  00  rH 
CO  o>  O 

■             •             • 

O  lO  lO 

■^  CO  -^ 

O  O)  CO 
CO  Od  kO 

00  ^  esi 

CO  C3  ^ 

13 
OQ  DO  to 

0  a>to 
00  kd 

04  O  kO 

rH  tH  ''f 

... 

CO  00  o> 
1-i         rH 

0»  04  A 

04  ^  rH 

•            •           ■ 

•*  rH  t> 
rH  rH  rH 

t-  O  rH 

CO  o  o> 

•           •            • 

©4  O  '^ 
*  <*  * 

|A  O)  OO 

Swko 

OJb-  rH 

^ 

O  lO  O) 

C^  CO  o> 

o6  CO  e>i 

M  Cl  CO 

O  lO  b- 

lO  04  to 

•         ■         • 

CO  O  O 
04  rH  CO 

^  04  b- 

la  "^  a 

•        •        • 

t-  'If*  rH 
03  C4  CO 

04  0»  rH 

rH  CO  Oi 

•            •            ■ 

CO  O)  CO 
03  rH  04 

^04  b- 

fl  "^  CO 
CS         04 

00  ""^  kO 
Oi  00  CO 

... 

kO  "^  b- 

O  kO  "^ 
04  t*  rH 

•             •             • 

CO  04-* 

rH  O)  O 
0)  04  00 

00  b^  oi 

A<>« 
00  ^-  o 

"^         rH 

^ 

C<1  Oi  rH 
O  rH  OO 

•            •            • 

00  lO  rH 
rH 

to  CO  t« 
lO  O  O) 

CO  CO  oi 

CO-^  rH 
O  0>  "tf* 

>            ■            • 

00  to  o» 

rH  Oq  CO 
Oi  rH  O 

•            •            ■ 

0>  00  rH 

+j  rH  CO 
CO  CO 

^CO  Ol 

O  rH  00 
O  CO  Od 

•             •             • 

©q  tH  04 

r«  CO  A 

eq  o  CO 

... 

tH  rH  rH 

b-  00  O 
^  00  kO 

CO  CO  od 

©4  C4  ©4 

1;^    A    CO 

OqCO  rH 

A  00  rH 
SrH©4 

^ 

rH  CO  C<« 
rH  O  00 

CO  id  00 

b- 1-  o> 

00  CO  O) 
•^  04  CO 

0»  CO  00 
04  lO  00 

•          ■          • 

t>  lO  00 

COC««  rH 

rH  O  rH 
... 

t«  CO  00 

:3  CO  00 

04  00 
P 

CO  b-  O 
to  O  CO 

•          •          • 

tH  tH  04 

00  o  b- 
b«;  CO  0> 

o'  o  O 

CO  CO  '^ 
b-©4  rH 

•           •           • 

lOkO  CD 

t-'^CO 
©4t^«> 
le  <*  kO 

^ 

Oi  CO  0> 
O  rH  t* 

•            ■            • 

l>  -^  rH 
00  00  0) 

O  00  t- 

■         ■         ■ 

lO  ''t*  00 

C-  CO  00 

^  O  CO 
lO  tr-  rH 

•            •            • 

lO  CO  t« 

00  00  00 

O  O  CO 
^  kO  O 

... 

iH  -^  b- 

00  b-  00 

«  to  00 
CQ  00  00 

o  o  -^ 

>.  04  00 

CO  04  rH 
Oq  00  00 

CO  b^  CO 

0«  rH  CO 

O  CO  CO 
00  CO  04 

>           •            • 

O  t-  ^ 

04  rH  04 

CO  CO  CO 

•*  ko  b- 

■         •         • 

o>  to  o 

00  00  0> 

OO  CO  CO 

A  b-to 

**• 

oo<o  o 

00  00  A 

rH  rH  t- 
a>  Oi  OO 

O  CO  oq 
Oi  OO  i«« 

CO  ^  o 
•«*•  00  CO 

0*^0 

CO  a>  to 

04  kO 

O  rH  rH 

t-  rH  rH 

o  t*  •* 
04  CO  b- 

b-  "*  * 

to  ^  ©4 

0»  b-  b- 

o  ©^  '^ 

^ 

04  00  LO 

r-4         rH 

^  rH  lO 
W  rH  CO 

^  04  CO 

tH  rH  rH 

00  04  to 
rH  iH  04 

o  td  o» 

EHrH  b- 

CO  CO  oq 
b-  CO  00 

0»  04  kO 
b-  00  b- 

O  ©q  A 
rH  r^ 

^  CO  A 
rH  »-' 

lO 

04 

y^ 

CO 
kO 

co 

©4 

b- 
©4 

tsi  tsi  ?«s  ^as  ta^ 

<SS  <SS  ^SS  oJSS  ^S2 


gas  g.2S  ?5g  ?|| 

<JSS  <JSS  <^^  <jss 


03 

u 
o 

B 
B 

QQ 


X 

a 

A 

>% 

cS 

a 

.a 

V 

•*.* 

^ 

a 

o 

O 

f< 

00 

p. 

O 
O 
tkO 


o 

CQ 


CQ 


S 

a 

o 

Oi 

Pi 


o 
kl 

ss 

SJ 

o  ^ 

n  ■*-* 

-tS  '•J 

B  H 

O  M 

11 

AS 

igh  pr< 
grain 

edium 
grain 

» 

S 

The  Protein  Requirements  of  Dairy  Cows 


37 


•^  t-  t-     iH  »H  00 

*       *  n*ci.         eo  CO  'i*   CO  cq  eo 


a 

a 
o 

T 

GQ 
H 

I 

H 

o 

CO 

» 

p 

o 


5 
2 


.   00 


lA  CO  b-    eg  o  o» 

O   00  CO  C4     00  00  CO 


-99Ji-aaSox)|K .  ^  '<4<  eo  co   cq  a>  co 

I  <«^  ^  "tt*     fcO  '^  lO 


I 


lA  CQ  t-     t-  O  iH 

J9QU   epiuo    ^  ^  ^  *=i  ^  ^  ^. 


Uf 9)Ojd    ?pnJO      ^  t>  iH  CO     CO  O  CO 

o;»  o»  o  CO  CO  CO 


th  le  CO  o»  CO  CO 
qsTB  opnJO    ^  CO  'i  -i*   <»  «*  ® 

rH  iH  rH    O  O  rH 


j9))-Biu  iCaa    ^ 


CO 


CO  00  lO 


^  kO  ^  O  Ud  o» 

•          •          «  a          *          • 

CO  CQ  ^  CO  CO  C> 

CO  CO  CO  CO  CO  CO 


o 


cs 
oa 


Q 

M 

H 

a 

i 


eo 
o 

& 

o 


4 

6 


,^  ^  CO -^  C9     lOiOiH 

UBB^^Od      ^  O  00  C4     CO  iO  00 


^t  00  CO 
t«  U3  O 


04  C3  O 

e^  00  00 


lO  r4CO 


lO 
CO 


ppis 


uoSoj^lN 


iH  1-1  eg     tH  O  iH    O  O  r-l     iH  tH  iH    O 


H -^     CO  A  ^     0»  t<- 0» 

««  o»   lo  CO  00   CO  eg  <<«« 

DO    OOO    OOO 


e*- t*  O  rH  C<l  t-  -^  "^  t- 

lO  O  1-t  00  ^  r-(  eg  CO  ^ 

■          ■w              »•»               ■••  ■••  m       _  ■           ■ 

iH  rH  eg  iH  r-l  iH  eg  eg  CO  ri  ih  C4  th  o  eg 


^  eg  o>  o  o  t> 

^  00  lO  O  iH  O  iH 


eg  00  lo  CO  o  CO  fH  ^  eg  ^  lo  o 

00  eo  CO  eg  00  ko  r-i  co  o  lo  co  oo 

_  •         ••  •«•  ■•«  ••• 

eg  eg  CO  ih  o  ih  th  o  th  ooo 


^ 


iH  b- 1-f  eg '<4«  00  CQ  CO  lO  co  r-i  r-i  t»  t*  CO  eg  ^  b-  iH  eg  to  eg '^  co  co  oo  ih 
th  o»  CO  CO  lo  CO  eg  CO  00  -^  o  eg  o  ^ -^  ^  C4  ud  t^kooo  oo  co  ih  eg  o -^ 

eg'i-ieg   rHiHi-i   cdudcd   uauicd   '^co^   cQegeg'   iHiHih   rHi-ieg    iHiHth 


eg  o  CO  CO  o  CO  co  co  o  o  ^  oo  eg  co  o  oo  t*  ud  co  oo  oo  ^  oo  r-i  o  o»  o> 

lOBj^xa  J9^Ka.  ^'i^.*^  <»ci<o  ^,^.'=>  '^.^.^.  «^^w  «>«>"?  <=1«^.  <=><=>-*  «>«i"^ 

*  lO -^  to  CO  CO  ^  t«coo»  CO  CO  00  eg  r-l  <^  ^  co  us  t«  to  o>  -^  oo  to  eg  rH  co 


-eejj-a9doJ)iK 


jaqo  9p^^0 


ufd^oJd  spnJO 


^ 


^ 


^ 


O  T|*  CO 
00  00  CO 

■    •    • 

t>>  kO  0» 
Ud  lAlO 


ego>  o> 
t-  eg  CO 


iHOO  CO 

-^  t*  '^ 

•    •    • 

CO  o>  ^ 
CO  Ud  CO 


00  ^  t- 
CO  00  CO 


t<-  CO  0»  CO  >A  (>• 


t»  CO  iH 

rH  rH  00 

a>  CO  CO 
eg  CQ  CO 

O  O  CO 

•    •    • 


r^  b-  00 

00  t«  o> 

•    •    • 

CO  rH  r-l 
CO  CO  ^ 


0»  to  00 

eg  CO  lo 

t>  uS  00 


CO 


O) 

o 


CO 


00 
00 


U3  "^ 


t-  lO 
lO 


CO 

CO 

•   •    • 

eg  r-l  CO 
to  lO  to 


CO  ^  t- 

co  CO  to 

•   •   • 

-*  oco 

CO  CO  CO 


CO  CO  -^ 
CO  O)  0d 


^  O  t^  CO  00  Oi 

r-l  00  -^  o)  eg  00 


00  CO  rH 

o>  lO  eg 

to  to  CO 


^  00  00 

eg  o>  eg 


rH  e<l  CO 
00  f-l  -^ 

•    •    • 

CO  to  o 
CO  to  b- 


co  o  o 

O  l>  t- 


co -^  c«   o»  Co  o   CO  eg  ^   o^coeg   co  co  t* 


O  rH  "<< 
®^  ®?  "^. 

CO  eg  -«!* 


O  CO  o 

qsB   epiuo    ^  S  "^  tJ 

^1  ^j<  mg 


J9))'BUI    Add 


^ 


'<4«  to  00 
•^  r-l  t- 

■  •  • 

00  t^  0) 

00  00  00 


J19%VJA 


698XIBUB  JO    'OM 


CO  to  eg 

.  to  00  eq 

Yjy       •      .      . 

6^  rH  eg  o 


eg 


^52o 

rH  CO  to 

o  o>  o 


o>  "^  eg 
o»  00  eg 

eg  eg  eo 


to  00  CO 

rH  "^  CO 

•       •       • 

t*  CO  o> 

00  00  00 


to  eg  t« 

00  to  CO 
•        •       • 

eg  CO  o 


0>OOrH  O  O  .  . 

00  ^  00  rH  CO  00 

•      *      ■  •      •      • 

00  CO  eg  ^  rH  oo 

CO  CO  ^  CO  CO  CO 


^  CO     rH  ©  0> 
0»  CO     rH  O  O 


rH  O  00 
b-  to  U3 


O  to  CO 

■^  eg  CO 


0>  t-  rH 
00  t«  00 


•  ••■  ••■  •••  ••■  •■• 

>  tOeg|>  tO-^CO  OArH  rHOCO  t«  CO.OO 
»  eg  eg  eg  r-l  iH  rH  tH    rH  rH  rH  tH 


to  to  CO 
-^  00  rH 

•     •     ■ 

CO  to  t« 


CO  rH  O 
CO  to  b> 

•    •    • 

0>  00  00 


CO  CO  "^ 

•    •    • 

00  t-o 


eg 


^  eg  o> 
CO  a»  CO 

•   •    • 

to  -^  CO 


"^  b-  CO 
O  0>  rH 

■     •     • 

O  00  rH 
Cfi  OO  Oi 


CO  -^  CO 
0»  00  O 

•     •     • 

0»  00  rH 


b- 
04 


CO  b--^ 
•  •  • 

CO  rH  to 


CO  O  CO 

•     •     • 

O)  t-  eg 

00  00  o> 

0>  rH  rH 
CO  CO  Od 

o  t*  eg 


b- 

eg 


00  00  to 

CO  CO  rH 

•    •    • 

CO  to  c« 


o  00  b- 
eg  rH  b- 

•    ■    • 

00  b-  O) 

00  00  00 


O  CO  b- 

00  eg  00 

•   •    • 

rH  o  eg 


eg 


O  to  00  -^  rH  CO 
0»  CO  CO  lO  O  00 


eg  eg  CO 


o  eg  b- 

^  CO  r-J 

ai  CO  ej 

00  00  o> 


CO  -^o 

00  '^  CO 
CO  CO  "^  rH  rH  CQ 


rH  -^  to  a»  ^  00 

O  rH  CO  rH  0»  to 

00  CO  O  to  CO  o» 

00  00  0>  00  b-  00 


O  cooo 
CO  00  eo 


0>  to  CO 
0>  CO  CO 

t^  CO     rH  Oi  CO 


rH  eg  CO 

00  "^  O 

•  •  • 

<^  O  CO 
rH  rH  eg 


b- 


b- 

eg 


sc^'s  ffp'b  sp^B  sp^y  gp^K  gp'S  gc^'S  g^a  g^^s 

<!SS  <SS  ^SS  ^Sa  <'SS  <S;S  <iSS  ^SIS  <SS 


2 

eg 

9 

3JA 

p   :3 
AM 

a 

3B 

o 

^a 

0) 

&s 

5  fl 

CD 

d 

08 

Very 
gra 

o 

1" 

o 

00 

B 

-d 

«Q 


d 

d 


d 


c8 

.d 


•d 

^1 

o 

is 

d 

d 

a 

o 

d 
o 

S 

O 

8 


d 

o  *^ 

o 


38 
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The  essential  accuracy  of  the  concentrate  mixing  processes  at  the 
barn,  of  the  samples  of  mixtures  and  constituents  and  of  analytical 
processes  is  attested  by  the  following  table,  which  compares  the  actual 
average  analyses  of  the  four  mixtures  with  the  calculated  average 
analyses  as  determined  by  the  analyses  of  the  several  constituents. 
It  will  be  observed  that  the  percentage  differences  are  not  large. 
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Very  low 


Low 


Medium 


High 
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% 
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1.62 
1.62 
0 
0 


%  % 

1.10      0.65 
1.13       0.66 
+0.03  +0.01 
+2.7     +1.6 


1.84 
1.88 
+0.04 
+2.2 


1.03 
1.03 
0 
0 


Mixture    87.15      2.99     10.14      6.68     63.41      3.93 

Calculation   86.85      3.07     10.15,      6.73     62.95      3.96 

Calc.  ±  mix....  —0.30  +0.08  +0.01  +0.05   —0.46  +0.03 

Calc.  ±  mix.  %.  —0.3     +2.7  +0.1     +0.8     —0.7     +0.8 

Mixture    88.44      4.60     13.20      7.72    57.80      5.12  2.11 

Calculation   ....     88.48      4.58     12.79      7.68     58.21      5.23  2.05 

Calc.   ±   mix....  +0.04  —0.02  —0.41  —0.04  +0.41  +0.12  —0.06 

Calc,  ±  mix.  %.       0       —0.4  —3.1    —0.5     +0.7     +2.4  —2.8 

Mixture    88.98      5.27     19.87       8.95     49.95      4.93  3.18 

Calculation   ....     88.91      5.25     19.90      8.75    50.19      4.82  3.18 

Calc.   ±  mix. . . .  —0.07  —0.02  +0.03  —0.20  +0.24  —0.11  0 

Calc.  ±  mix.  % .  —0.1    —0.4  +0.2    —2.2     +0.5    —2.2  0 

Mixture    89.43       5.73     26.47       8.91     42.37       5.95  4.24       2.13       1.37 

Calculation   ....     89.58      5.78     26.80      8.60     42.50      5.90  4.29      2.20      1.38 

Calc.  ±  mix....   +0.15  +0.05  +0.33  —0.31    +0.13  —0.05  +0.05  +0.07  +0.01 

Calc.  ±  mix.  %.   +0.2     +0.9  +1.3    —3.5      +0.3    —0.8  +1.2     +3.3     +0.7 


2.05       1.23 
2.12       1.24 
+0.07  +0.01 
+3.4     +0.8 


Scope  of  the  Trials 

It  is  easy  to  see  that  the  feeding  of  so  large  a  herd  of  cows  for  so 
long  a  time  involved  a  vast  amount  of  work.  More  than  300,000 
milk  weights  were  made;  more  than  a  1,000,000  weights  of  fodders 
and  feeds  were  made;  many  tens  of  thousands  of  milk  samples  were 
taken;  many  thousands  were  analyzed;  several  thousands  of  dry 
matter  determinations  and  several  hundreds  of  complete  analyses  of 
roughages  and  concentrates  were  made;  and,  finally,  a  stupendous 
amount  of  computation  was  necessary.  The  fact  that  in  the  summer  of 
1913,  when  the  trials  had  been  in  progress  eight  years  and  had  still 
six  years  to  go,  the  mere  paper  and  ink  of  the  records  and  computa- 
tions weighed  301  pounds,  is  indicative  of  the  volume  of  the  work. 

The  Live  Weights 


The  cows  in  the  long  continuous  and  the  lactation  alternation 
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groups  were  weighed  on  three  consecutive  days  every  four  weeks; 
those  in  the  short  alternation  groups  for  three  consecutive  days  at  the 
beginning  and  at  the  close  of  the  experimental  portion  of  each  feeding 
period;  and  at  other  times  during  experimental  periods  together  with 
the  main  herd.  The  live  weights  of  the  cows  fed  in  the  short  alterna- 
tion trials  are  not  printed.  Half  of  the  cows  were  young  animals, 
increasing  in  weight  regardless  of  ration  changes ;  and  a  study  of  the 
weights  of  the  more  mature  cows  led  almost  nowheres — ^as  is  set  forth 
on  page  105.  Hence  their  omissidli.  The  average  weights  for  each 
lactation  of  the  cows  in  the  long  continued  trials  are  tabulated  on  pages 
101  to  103  in  connection  with  their  discussion. 

Concerning  the  Weather 

Mark  Twain  once  said :  "We  all  talk  about  the  weather — ^but  noth- 
ing is  done."  Something  was  done  in  the  present  instance;  not  to 
control — would  that  we  could — ^but  to  take  cognizance  of  the  ther- 
mometric  changes. 

It  goes  without  saying  that  in  a  trial  lasting  twelve  and  one-half 
years  the  experimental  animals  were  subjected  to  winter's  cold  and 
summer's  heat ;  that  sometimes  the  bam  temperature  went  below  40° 
F. — ^but  never  to  32°  F.,  although  it  came  perilously  near  it  in  the 
bitter  1917-18  season — and  that  mid-summer  heat  was  at  times  exces- 
sive. Whatever  effect  these  thermometric  deviations  may  have  had, 
and  unquestionably  they  exerted  some  temporary  effects,  it  may  be 
assumed  safely  that  the  ultimate  accuracy  of  the  outcome  of  these 
experimental  trials  was  not  imperilled.  Obviously  all  the  cows  were 
similarly  exposed  to  the  vagaries  of  the  weather,  and  at  all  times  and 
in  all  the  various. forms  of  the  trial  the  several  experimental  rations 
were  being  fed.  And  then  again  the  very  length  of  the  trial  serves  to 
nullify  the  effects  of  weather  changes. 

Temperature  records  were  taken  thrice  daily  at  6  a.  m.,  12  m. 
and  6  p.  m.  in  the  main  and  the  annex  portions  of  the  barn  while  the 
cows  lived  indoors.  A  careful  study  of  these  records  leads  the 
writers  to  conclude  that  their  eflfect  was  nil  and  that  their  inclusion  in 
the  printed  record  would  serve  no  good  purpose.  It  may  be  further 
said  that  in  the  long  series  of  feeding  trials  made  at  this  Station  from 
1895  to  1905  and  discussed  in  the  several  annual  reports  of  those  years, 
at  no  time  did  winter  temperature  changes  serve  materially  to  affect  the 
outcome.     Then,  furthermore,  in  1891,  1892  and  1893,  thorough  studies 
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were  made  of  the  effect  of  weather  on  the  milk  flow.^  The  most  ex- 
treme statement .  made  in  connection  with  the  eleven  winter  seasons' 
trials  appears  in  the  seventeenth  report,  page  465,  to  the  effect  that  the 
winter  was  a  bitterly  cold  one ;  that  barn  temperatures  often  dropped 
below  40°  F. ;  that  there  were  four  cold  spells  of  several  days'  duration, 
during  which  barn  temperatures  averaged  from  3°  to  6°  F.  below  nor- 
mal ;  and  that  during  these  times  the  milk  yields  shrank  from  0.4  to  0.7 
pounds  daily,  or  from  2j^  to  4  percent,  a  shrinkage  which  seemed  to 
bear  no  relation  to  the  nature  of  thft  ration  fed  but  to  be  fairly  uniform 
and,  presumably,  a  temperature  effect.  The  tests  reported  from  1891 
to  1893  were  made  under  varying  circumstances,  with  a  large  number 
of  herds  in  May,  June  and  July,  with  the  station  herd  from  mid-summer 
to  late  fall,  and  in  late  winter  in  a  poorly  constructed  barn  located  on  a 
bleak  hillside.  They  covered  conditions  of  pasture,  summer  soiling  and 
winter  feeding.  They  indicated  clearly  that  from  day  to  day  cows  tend 
to  give  somewhat  richer  milk  when  the  temperature  falls  and  somewhat 
poorer  milk  as  it  rises,  that,  in  other  words,  milk  tends  to  vary  in  rich- 
ness in  the  inverse  direction  to  temperature  changes.  These  effects  are 
temporary  only ;  and  since  there  are  plenty  of  downs  as  well  as  ups,  the 
ultimate  result  cannot  have  been  materially  affected. 

And  so  it  is  with  storm  effects,  which  temporarily  may  be  manifest 
but  do  not  affect  the  ultimate  outcome. 


II.    THE  COMPUTATIONAL  METHODS 

"The  proof  of  the  pudding  is  the  eating  thereof" ;  and  the  ques- 
tions which  were  asked  in  1906  were  best  answered  by  protein  eating 
and  milk  making.  In  view  of  the  fact  that  cows  cannot  talk,  recourse 
must  be  had  to  performance  records,  which  procedure,  however,  is  not 
amiss  when  we  recollect  that  "actions  speak  louder  than  words."  But 
when  one  endeavors  to  interpret  these  performance  records,  to  discover 
what  their  actions  portray,  he  knits  his  brows ;  for  while  the  verity  of 
the  two  aphorisms  already  cited  in  this  paragraph  may  be  affirmed,  the 
entire  truth  of  the  statement  that  "figures  don't  lie"  seems  open  to 
question.  Much  depends  upon  methods  of  calculation  and  of  presenta- 
tion of  data.    White  may  be  made  to  appear  black  by  specious  reasoning. 

Hence  it  was  that,  in  order  to  make  the  outcome  as  nearly  certain 
as  practicable,  three  parallel  lines  of  experimental  feeding  practice  were 
inaugurated  in  1906,  as  is  set  forth  in  full  on  pages  14-15,  viz.: 


>Vt.  Sta.  Rpt.  5,  pp.  66-69  (1891)  ;  6,  pp.  128-135  (1892)  ;  7,  pp.  89-91  (1893). 
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1.  Long  continuous  feeding,  year  in  and  year  out  with  single 
rations,  the  same  cows  being  used  in  identical  rations. 

2.  Lactation  alternation  feeding,  wherein  cows  were  fed  through- 
out an  entire  lactation  on  a  definite  ration,  and  throughout  the  next 
entire  lactation  on  a  different  ration,  and  then  throughout  the  next 
entire  lactation  again  upon  the  definite  ration  first  fed  and  soon. 

3.  Short  alternation  feeding,  wherein  cows  were  fed  during  five- 
week  periods  alternately  on  one  or  the  other  ration. 

And  hence  it  was  that,  in  the  final  summations  of  the  outcomes  in 
1915,  and  again  in  1917  and  in  1920-21,  in  order  to  make  it  as  nearly 
certain  and  beyond  criticism  as  possible,  the  data  were  worked  over 
from  several  different  standpoints.  Thus,  for  example,  the  results 
secured  by  the  three  lines  of  feeding  practice  were  independently  cal- 
culated as  follows  in  several  different  ways  as  is  set  forth  at  length  on 
the  following  pages. 

The  Feeding  Record 

The  records  were  totalled  for  the  long  continuous  cows  and  for 
the  lactation  alternation  cows  by  lactation  periods  rather  than  by  cal- 
endar years.  They  include  only  the  time  when  the  cows  were  actually 
in  milk.  Whenever  abortion  or  other  abnormality  in  freshening  oc- 
curred, the  record,  though  determined,  has  been  excluded. 

The  records  of  the  food  consumed  by  the  cows  in  the  several  long 
continuous  and  lactation  alternation  sub-groups  are  necessarily  incom- 
plete because  the  cows  grazed  during  each  summer.  This  situation 
was  the  subject  of  careful  consideration  at  the  time  when  the  trials 
were  originally  formulated.  However,  the  cows  had  to  be  turned  out 
to  pasture  for  the  reason  that  the  available  tillable  area  on  the  Uni- 
versity Farm  is  insufficient  to  provide  roughage  enough  to  carry  the 
herd  during  the  entire  year.  However,  it  should  be  clearly  understood 
that  the  pasture  was  poor,  was  vastly  overstocked  and  really,  except 
in  June  and  perhaps  half  of  July,  furnished  a  comparatively  small  pro- 
portion of  the  total  food  eaten.  It  may  be  urged  in  criticism  that  the 
cows  on  the  low  oi  very  low  protein  rations,  eating  perhaps  a  large 
amount  of  grass  on  pasture,  might  partially  recuperate  from  the  effects 
of  an  insuflScient  protein  supply  during  the  rest  of  the  year.  Such  a 
stricture  may  be  warranted  to  a  limited  extent ;  but  since  the  pasture 
was  poor  both  in  quality  and  quantity,  and  had  to  be  supplemented 
each  summer  with  hay,  silage,  or  soiling  crops,  exact  weights  of  which 
were  recorded,  it  is  not  thought  that  this  undesirable  but  necessary 
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occurrence  vitally  affected  the  results  or  impaired  the  outcome.  The 
cows  fed  the  low  protein  ration  ate  in  their  grain  feed  about  300  pounds 
less  digestible  protein  during  the  course  of  a  year  than  did  those  on 
the  high  protein  ration.  This  shortage  was  located  entirely  in  the  con- 
centrate part  of  the  ration,  since  the  roughage  consumptions  were 
essentially  identical.  A  cow  in  the  low  protein  group  would  have  to 
consume  six  tons  of  grass  in  excess  of  that  eaten  by  a  cow  in  the  high 
protein  i^roup  in  order  to  be  on  a  par  with  the  latter  in  respect  to  her 
protein  intake.  That  would  be  equivalent  to  eating  a  hundred  pounds 
of  grass  daily  during  June,  July,  August  and  September,  over  and 
above  what  the  high  protein  group  cow  ate.  In  view  of  the  fact  that 
the  cows  fed  medium  and  high  protein  rations  were  not  idle  while  in 
the  pasture,  that,  as  has  been  stated,  the  pasture  was  scanty  and 
greatly  overstocked,  and  that  for  much  of  the  season  it  was  really 
hardly  more  than  an  exercising  ground,  and,  finally,  in  view  of  the  fact 
that  the  grain  ration  of  all  cows  was  cut  in  half  from  the  time  when 
they  were  turned  out  until  mid-July,  when  pastures  had  become  short 
and  dry,  the  writers  do  not  feel  that  this  admittedly  unfortunate  break 
in  the  feeding  procedure  necessarily  or  probably  had  any  material  effect 
upon  the  ultimate  outcome.  However,  on  this  account  all  the  data 
have  been  calculated  separately  on  the  basis  of  the  entire  lactation 
including  the  summer  feeding,  and  on  the  basis  of  the  barn  feedings 
only.  While  the  former  data,  which  include  the  summer  pasture 
season,  do  not  state  specifically  the  units  of  food  required  to  produce 
a  unit  of  product,  for  the  reason  that  the  nutrients  obtained  in  the 
pasture  grass  are  not  known  and  are  consequently  omitted,  yet,  not- 
withstanding, an  excellent  comparison  is  afforded,  since  the  pasture 
days  for  each  group  are  almost  exactly  the  same,  and  the  yields  of  milk 
and  of  each  of  the  several  solids,  fat,  casein  and  albumin,  milk  sugar 
and  ash,  are  given  in  exact  terms  for  the  entire  lactation  period. 

Considerable  discussion  was  held  between  some  of  the  writers  as 
to  the  possibility  of  estimating  the  food  intake  in  the  pasture  but  no 
satisfactory  method  could  be  devised  whereby  this  could  be  done. 

Exact  records  were  kept  of  all  feed  consumed  and  all  products 
yielded  by  each  cow  during  the  winter  feeding  season,  which  was  175 
days  in  length  during  the  first  winter  and  210  days  long  during  each  of 
the  ten  succeeding  winters.  Owing  to  their  exact  nature  these  data  may 
be  used  to  determine  without  question  the  amount  of  food  required  to 
secure  a  unit  of  product  from  the  very  low,  low,  medium  and  high  pro- 
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tein  groups  of  cows  respectively,  and  to  check  the  results  secured 
when  the  complete  lactation  periods  including  pasturage  were  used.  • 

The  short  alternation  feeding  periods  were  five  weeks  long,  the 
first  two  weeks  being  considered  the  preliminary  and  the  last  three 
the  experimental  portion.  During  the  preliminary  portion  of  the 
period,  the  data  for  which  were  not  used  in  drawing  conclusions  but 
simply  placed  on  file  as  a  matter  of  record,  the  cows  were  enabled  to 
become  sufficiently  accustomed  to  the  changed  ration  so  that — ^assuming 
the  validity  of  the  method  of  measurement — strict  comparisons  might 
be  drawn  safely  from  the  data  secured  during  the  last  three  weeks  of 
the  feeding  period.  These  same  five-week  divisions,  consisting  of  two- 
week  and  three-week  portions,  were  also  made  in  recording  the  data 
for  the  long  continuous  and  lactation  alternation  cows  during  the  win- 
ter feeding  season,  in  order  to  serve  as  a  check  upon  the  work  of  the 
short  alternation  cows. 

The  study  of  biometrics  as  applied  to  experimentation  with  dairy 
cows  has  been  developed  within  the  past  ten  years.  These  trials  were 
under  way  and  vast  amounts  of  data  accumulatd  and  calculated  before 
this  method  had  come  to  the  front.  After  careful  consideration  of  the 
whole  proposition,  it  seemed  best  not  to  change  the  system  of  state- 
ment determined  upon  at  the  outset,  realizing  at  the  same  time  that  the 
statistical  method  of  statement  is  to  be  preferred. 

CONCEBNING  THE  METHODS  EMPLOYED  IN  COMPUTATION 

In  order  beyond  peradventure  to  be  certain  that  pasture  season  influences 
did  not  affect  the  outcome,  all  data  were  Independently  calculated  for  the 
entire  lactation  period  including  the  pasture  season,  and,  also,  for  the  210 
days  (175  days  in  1906-07)  of  the  winter  feeding  season.  The  final  com- 
putations, furthermore,  were  made  in  12  different  ways,  the  same  data  being 
calculated  in  these  12  ways,  each  of  them  apparently  entirely  legitimate, 
in  order  as  nearly  as  practicable  to  be  certain  that  by  no  chance  might  the 
ultimate  outcome  be  affected  by  the  manner  of  computation.  For  purposes 
of  identification  these  will  be  denominated  by  letter  and  number,  not  only 
in  the  following  explanatory  statement,  but  also  at  the  extreme  left  of  each 
of  the  great  tables  A  to  F,  inclusive,  which  are  folded  in  opposite  page  64. 
A  1  (L.  C),  A  1  (L.  A.),  A  2  (L.  C),  A  2  (L,  A.),  A  3  (L.  A.) ;  B  1  (L.  C). 
B  1  (L.  A.),  B  2  (L.  C),  B  2  (L.  A.),  B  3  (L.  A.) ;  C  1  (L.  C),  C  1  (L.  A.), 
C  2  (L.  C),  C  2  (U  A.),  C  3  (L.  A.) ;  D  1  (L.  C),  D  1  (Lu  A.).  D  2  (L.  C), 
D  2  (L.  A.),  D  3  (L.  A.) ;  and  the  data  in  tables  E  and  F  are  similarly  iden- 
tified. These  letters  and  figures  refer  as  follows:  A  to  F,  to  the  tables  A 
to  F,  inclusive,  folded  in  opposite  page  64;  L.  C.  to  the  long  continuous 
feeding  trials,  for  the  description  of  the  plan  of  which  see  page  14;  L.  A., 
to  the  lactation  alternation  feeding  trials,  for  the  explanation  of  the  plan  of 
which  see  page  14;  1,  2,  3,  to  the  several  methods  of  computation  as 
expressed  in  the  immediate  context. 

A.  Complete  lactations;  each  record  is  calculated  for  a  complete  lacta- 
tion directly  from  total  records. 

B.  Winter  feeding  periods;  each  record  is  calculated  for  210  days  (175 
days  in  1906-07)  directly  from  total  records. 
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C.  Complete  lactations;  each  record  is  calculated  to  the  dally  average 
basis  by  dividing  the  data  by  the  number  of  days — ^be  they  more  or  less — 
actually  used  in  each  lactation  period. 

D.  Winter  feeding  periods;  each  record  is  calculated  to  the  daily  aver- 
age basis  by  dividing  by  210  days  (175  days  in  1906-07). 

E.  Complete  lactations;  each  record  is  calculated  for  a  complete  lacta- 
tion directly  from  total  records. 

P.  Winter  feeding  periods;  each  record  is  calculated  for  210  days 
directly  from  total  records. 

After  the  data  were  assembled  in  the  four  ways  designated  above  as 
A,  B,  C  and  D,  then  the  three  methods  of  computation  designated  as  1,  2  and 
3  were  followed.  The  numbered  methods,  1,  2  and  3,  were  identical  whether 
used  in  connection  with  A,  B,  C  or  D.  The  numbered  methods,  1,  2  and  3, 
are  applicable  to  the  records  made  by  the  cows  in  the  lactation  alternation 
(L.  A.) ;  methods  1  and  2  to  those  of  the  cows  in  the  long  continuous  (Li.  C.) 
groups. 

1.  The  daily  averages  were  computed  directly  from  the  totals  of  all  the 
records  on  a  given  ration;  that  is  to  say,  all  the  records  made  on  a  given 
ration  having  been  segregated,  the  data  were  added  and  the  sum  divided  by 
the  total  number  of  days. 

2.  The  daily  averages  of  the  total  of  each  cow's  records  on  a  given  ration 
were  obtained.  The  sum  of  these,  if  they  pertain  to  the  long  continuous 
groups,  divided  by  the  number  of  cows  in  the  group,  gave  the  average  de- 
sired. If  they  pertain  to  the  lactation  alternation  groups,  the  sum  of  the 
daily  average  of  the  total  of  each  cow's  records  on  a  given  ration  in  any  one 
group,  divided  by  the  number  of  cows  in  that  group,  gave  the  average  for 
that  group.  Combining  the  three  groups,  the  final  averages  on  low,  medium 
and  high  protein  rations  were  found.  There  are  three  groups  of  cows  in  the 
lactation  alternation  groups,  according  as  they  are  fed  rations  high  and  low, 
high  and  medium,  or  medium  and  low  in  their  protein  contents. 

3.  The  daily  average  was  computed  from  the  totals  of  the  records  by 
first  adding  and  averaging  separately  the  records  of  the  cows  getting  low 
and  medium,  low  and  high,  or  medium  and  high  rations  as  determined  by 
their  protein  contents,  then  combining  these  groups  for  the  final  averages 
on  the  high,  medium  or  lo^  protein  rations  respectively. 

Illustration  will  doubtless  tend  to  make  more  clear  these  several  methods 
of  calculation.  The  examples  chosen  for  purposes  of  illustration  might  have 
been  made  to  cover  the  entire  67  varieties  of  items  which  go  to  make  up  the 
summation  of  the  work  as  shown  in  the  great  tables  folded  in  opposite  page 
64;  but  so  extensive  a  showing  would  simply  make  for  confusion.  Hence 
only  two  main  items,  total  dry  matter  and  milk  yield,  are  used.  Examples 
are  given  as  applied  to  tables  A  and  C  and  methods  1,  2  and  3  (L.  A.)  only, 
since  the  methods  of  procedure  used  in  the  formulation  of  tables  B  and  D 
resemble  those  employed  respectively  in  the  construction  of  tables  A  and  C 
save  that  only  winter  feeding  periods  of  210  days  are  concerned  instead  of 
entire  lactation  periods.  In  other  words,  the  same  data  could  be  worked  up, 
by  way  of  example,  in  the  six  other  ways,  B  1,  D  1,  B  2,  D  2  and  B  3,  D  3, 
but  the  method  of  calculation  would  be  exactly  the  same  as  those  given,  save 
that  all  records  would  be  for  210  days  Instead  of  for  a  full  lactation. 

It  should  be  observed  that  identical  data  are  used  in  the  six  examples 
hereinafter  set  forth.  It  should  further  be  observed  that  the  final  figures 
obtained  by  the  use  of  these  different  methods  differ  somewhat  one  as  com- 
pared with  another.  It  is  on  this  very  account,  that  identical  data  diversely 
manipulated  do  afford  somewhat  different  results,  that  all  12  methods  were 
used  on  all  the  data,  a  stupendous  task,  in  order  that  no  loophole  should 
be  left,  so  that  there  would  seem  to  be  no  Just  reason  for  claiming  that  the 
interpretation  of  a  given  result  was  unwarranted  on  the  ground  that  it  was 
based  upon  a  defective  method  of  computation. 

A  1  (complete  lactation)  and  B  1  (winter  feeding  periods).  Daily  aver- 
ages computed,  directly  from  totals;  that  is  to  say,  the  entire  consumption 
and  production  figures  on  a  given  ration  for  a  given  number  of  lactations 
(A),  or  winter  feeding  periods  (B),  are  added,  and  the  summation  divided 
by  the  total  number  of  days  during  which  all  the  cows  were  kept  under  the 
conditions  of  the  feeding  trials. 
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LOW  PROTEIN 

Name  of  cow  Days  In    milk  Dry  matter  Milk 

lbs.  lbs. 

Vie 399  7,525.37  6,146.6 

"     238  6,144.55  5,400.5 

"     315  5,578.91  4,636.1 

Lena   266  4,514.36  4,221.6 

504  9,666.35  8,795.8 

Theta    378  5,817.28  6,026.5 

Zillah    294  5,664.26  5,877.6 

399  8,730.36  8,110.1 

399  6,566.95  6,859.2 

273  5,348.75  4,689.6 

Total 3,465  65,557.14  60,763.6 

Daily    average..  18.92  17.54 

(65,557.14  -^  3,465  =  18.92;  60,763.6  -r-  3,465  =  17.54.) 

C  1  (complete  lactations)  and  D  1  (winter  feeding  periods).  Dally 
averages  computed  In  the  same  way  as  In  A  1  and  B  1,  save  that  each  record, 
before  method  1  is  applied,  Is  reduced  to  the  daily  basis. .  The  daily  average 
consumption  and  production  tigures  for  each  cow  on  a  given  ration  for  each 
lactation  (C),  or  winter  feeding  period  (D),  are  added,  and  the  result  divided 
by  the  total  number  of  dally  average  records 

LOW  PBOTEIN 


Name  of  cow 

Vie 

i< 

Lena   

it 

Theta    

Zillah    

<< 

<f 

If 


Days  in 
milk 


399 
238 
315 
266 
504 
378 
294 
399 
399 
273 


Dry 

matter 

lbs. 

7,525.37 
6,144.55 
5,578.91 
4,514.36 
9,666.35 
5,817.28 
5,664.26 
8,730.36 
6,566.95 
5,348.75 


Total  ... 

Final  dally  average — 10  records 


Daily 
average 
lbs. 

18.86 
25.82 
17.71 
16.97 
19.18 
15.39 
19.27 
21.88 
16.46 
19.59 

191.13 
19.11 


Milk 
lbs. 

6,146.6 
5,400.5 
4,636.1 
4,22L6 
8,795.8 
6,026.5 
5,877.6 
8,110.1 
6,859.2 
4,689.6 


Dally 

average 

lbs. 

15.40 
22.69 
14.72 
15.87 
17.45 
15.94 
19.99 
20.33 
17.19 
17.18 

176.76 
17.68 


A  2  (complete  lactations),  B  2  (winter  feeding  periods).  The  daily 
average  of  consumption  and  production  of  each  cow  is  determined  by  adding 
all  the  records  made  on  a  given  ration  and  dividing  by  the  total  number  of 
days  of  feeding.  If  a  given  cow,  Vie  for  example,  is  fed  two  rations  in  alter- 
nate lactations,  low  and  high  protein  for  example,  the  records  on  each 
ration  are  segregated  as  in  the  first  tabulation  as  shown  below.  But  one 
dally  average  record — for  example.  Vie  20.22,  17.00 — Is  secured  for  each 
cow  on  each  ration,  be  It  low,  medium  or  high  in  its  protein  content,  whether 
fed  for  four  or  more  lactations  or  for  one  only.  If  fed  for  only  one  lactation, 
the  dally  average  as  computed  for  that  one  lactation  is  used — for  example, 
Theta,  15.39,  15.94;  if  fed  for  four  lactations,  the  totality  is  divided  by  the 
total  number  of  days  and  the  one  record  used — for  example,  Zillah,  19.27, 
18.71.  In  a  word,  the  cow  and  not  the  lactation  is  the  unit.  Then  the  daily 
cow  averages  on  a  given  ration  are  added  and  the  sum  divided  by  the  num- 
ber of  averages.  In  the  case  of  the  lactation  alternation  group,  a  record  is 
made  on  two  different  rations  by  each  group;  thus,  for  example,  the  group  of 
cows  fed  a  low  protein  ration  in  comparison  with  a  high  protein  ration  and 
also  the  group  of  cows  fed  a  low  protein  ration  in  comparison  with  a  medium 
protein  ration,  contribute  each  a  record  on  the  low  protein  diet.  These  two 
group  records  added  and  divided  by  two,  form  the  final  summation 
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BXAMFI£ 

Low  protein  High  protein 

Days     Dry  matter         Milk  Days     Dry  matter         Milk 

lbs.               lbs.  lbs.                  lbs. 

Vie 399        7,525.37         6,146.6  

"     238         6,144.55        6,400.5  448        9,707.38        10,222.1 

"     315        5,678.91        4,636.1  364        5,595.87          6,096.6 

Total   952       19,248.83       16,183.2  812       15,303.25        16,318.7 

Daily    average.                      20.22             17.00  18.85              20.10 

(19,248.83  ^  952  =  20.22;  16,183.2  -i-  952  =  17.00.) 

Low  protein  High  protein 

Days    Dry  matter        Milk  Days    Dry  matter        Milk 

lbs.                lbs.  lbs.                  lb& 

Lena   266        4,514.36        4,221.6  294        5,101.21          6,560.6 

"       504         9,666.35         8,795.8  308        6,168.79          6,400.8 

Total 770       14,180.71       13,017.4  602       11,270.00        12,961.4 

Daily   average.                      18.42             16.90  18.72              21.53 

Low  protein  Medium  protein 

Days     Dry  matter         Milk  Days     Dry  matter         Milk 

lbs.               lbs.  lbs.                  lbs. 

Theta    378        5,817.28        6,026.5  301        5.123.48          5,550.4 

Total 378         5,817.28         6,026.5  301         5,123.48          5,550.4 

Daily    average.                      15.39             15.94  17.02              18.27 

Low  protein  Medium  protein 

Days     Dry  matter         Milk  Days     Dry  matter         Milk 

lbs.               lbs.  lbs.                  lbs. 

Zillah    294        5,664.26        5,877.6  

399        8,730.36         8,110.1  259        4.520.34          5,854.3 

399         6,566.95         6,859.2  294        5,374.61           6,904.7 

273         5,348.75         4,689.6  308         5,653.61           6,294.1 

Total  1,365      26,310.32      25,536.5  861      15,548.56        19,053.1 

Daily  average..                      19.27             18.71  18.06              22.13 

Low  protein   (2  cows)  High  protein   (2  cows) 

Days     Dry  matter        Milk  Days     Dry  matter        Milk 

lbs.                 lbs.  lbs.                lb& 

Total  (Vie  and 

Lena)     2            38.64            33.90  2            37.57            41.63 

Average   1            19.32            16.95  1            18.79            20.82 

Low  protein   (2  cows)  Medium  protein  (2  cows) 

Days     Dry  matter        Milk  Days     Dry  matter        Milk 

lbs.                lbs.  lbs.               lbs. 

Total  (Theta  and 

Zillah)    2            34.66            34.65  2            35.08            40.40 

Average   1            17.33            17.33  1            17.54            20.20 

Total;  two  low 

protein  averages  36.35  34.28 

Final  daily  low 

protein  averages  18.33  17.14 

C  2  (complete  lactation)  and  D  2  (winter  feeding  periods).  This  method 
resembles  A  2  and  B  2  in  every  respect  except  that  before  method  2  is  applied, 
each  record  is  put  on  the  daily  basis  by  dividing  by  the  number  of  days  in 
the  lactation  (C)  or  winter  feeding  period  (D). 
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EXAMPLE 

Low  protein 

Days     Dry  matter  Milk 

lbs.  lbs. 

Vie    1            18.8«  15.40 

"       1            25.82  22.69 

"       1             17.71  14.72 

Total 3            62.39  52.81 

Average (-^  3)          20.80  17.60 

Low  protein 

Days     Dry  matter  Milk 

lbs.  lbs. 

Lena   1    '        16.97  15.87 

"       1            19.18  17.45 

Total 2            36.15  33.32 

Average (-r-  2)           18.08  16.66 

Low  protein 

Days     Dry  matter  Milk 

lbs.  lbs. 

Theta    1            15.39  15.94 

Total 1            15.39  15.94 

Average    15.39  15.94 

Low  protein 

Days     Dry  matter  Milk 

lbs.  lbs. 

Zillah    1            19.27  19.99 

1             21.88  20.33 

1             16.46  17.19 

1            19.59  17.18 

Total     4            77.20  74.69 

Average ( -^  4)          19.31  18.67 

Low  protein   (2  cows) 

Days     Dry  matter  Milk 

lbs.  lbs. 

Total  (Vie  and 

Lena)    2            38.88  34.26 

Average   1            19.44  17.13 

Low  protein   (2  cows) 

Days     Dry  matter  Milk 

lbs.  lbs. 

Total  (Theta  and 

Zillah)    2            34.70  34.61 

Average   1            17.35  17.31 

Days     Dry  matter  Milk 

lbs.  lbs. 
Total;  two  low 

protein  averages        2            36.79  34.44 
Final;  daily  low 

protein  average.        1           18.40  17.22 


High  protein 

Days 

Dry  matter 
lbs. 

Milk 
lbs. 

•   • 

1 

•   •   •   • 

21.67 

»   •   •   • 

22.82 

1 

15.37 

16.75 

2 

37.04 

39.57 

(H-  2) 

18.52 
High  protein 

19.79 

Days 

Dry  matter 
lbs. 

Milk 
lbs. 

1 

17.35 

22.32 

1 

20.03 

20.78 

2 

37.38 

43.10 

(-^  2) 

18.69 

21.55 

Medium  protein 

Days     Dry  matter        Milk 
lbs.  lbs. 


17.02 

17.02 
17.02 


18.44 

18.44 
18.44 


Medium  protein 

Days    Dry  matter       Milk 
lbs.  lbs. 


1            17.45 

22.60 

1             18.28 

23.49 

1            18.35 

20.44 

3            54.08 

66.53 

i-T-  3)           18.03 

22.18 

High  protein   (2 

cows) 

Days     Dry  matter 
lbs. 

Milk 
lbs. 

2             37.21 

41.34 

1            18.61 

20.67 

Medium  protein  (2 

cows) 

Days     Dry  matter 
lbs. 

Milk 
lbs. 

2             35.05 

40.62 

1             17.53 

20.31 
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A  3  (complete  lactation),  B  3  (winter  feeding  periods).    This  method  is 
the  same  as  A  2  and  B  2  in  every  respect,  except  that  each  lactation  is  treated 

as  a  unit  instead  of  each  cow  being  thus  treated.    It  is  stated  on  page 

in  the  discussion  under  A  2  and  B  2  that  "but  one  daily  average  record  is 
secured  for  each  cow  on  each  ration,  be  it  low,  medium  or  high  in  its  protein 
content,  whether  fed  for  four  or  more  lac&tions  or  for  one  only.  If  fed  for 
only  one  lactation,  the  daily  average  as  computed  for  that  one  lactation  is 
used ;  if  fed  for  four  lactations,  the  totality  is  divided  by  the  total  number  of 
days  and  the  one  record  used.  In  a  word,  the  cow  and  not  the  lactation  is 
the  unit."  The  exact  reverse  holds  in  calculating  the  data  under  A  3  and  B  3, 
in  that  the  cow  which  furnishes  four  or  more  records  is  not  put  on  a  parity 
with  the  one  which  furnishes  a  single  record,  but  has  as  many  times  as  much 
weight  in  determining  the  outcome  as  she  furnishes  records. 


Low  protein 

Days     Dry  matter         Milk 
lbs.  lbs. 

Vie 399  7,525.37  6,146.6 

"     238  6,144.55  5,400.5 

"     315  5,578.91  4,636.1 

Lena   266  4,514.36  4,221.6 

"       504  9,666.35  8,795.8 

Total    1,722       33,429.54       29,200.6 

Daily   average.  19.41  16.96 

Low  protein 

Days    Dry  matter        Milk 
lbs.  lbs. 

Theta    378  6.817.28  6.026.5 

Zillah    294  5.664.26  .    5.877.6 

399  8,730.36  8.110.1 

399  6,506.95  6,859.2 

273  5,348.75  4,689.6 

Total 1.743       32,127.60       31,563.0 

Daily   average.  18.43  18.11 

Total  of  two 

low  protein 

daily  average        2  37.84  35.07 


■ 

High  protein 

Days 

Dry  matter 
lbs. 

Milk 
lbs. 

•   •  • 

448 
364 
294 
308 

9.707.38 
5.595.87 
5,101.21 
6,168.79 

io,222.i 

6,096.6 
6,560.6 
6,400.8 

1,414 

1 

26,573.25 
18.79 

29,280.1 
20.71 

Medium  protein 

Days 

Dry  matter 
lbs. 

MUk 
lbs. 

301 
259 
294 
308 

•   •   • 

5.123.48 
4.520.34 
5,374.61 
5.653.61 

5.550.4 
5.854.3 
6.904.7 
6,294.1 

•  •••■•• 

1,162 

1 

20,672.04 
17.79 

24,603.5 
21.17 

Days 
Final  low 

Dry  matter 
lbs. 

Milk 
lbs. 

protein 

daily  average        1 

18.92 

17.1 

C  3  (complete  lactations),  D  3  (winter  feeding  periods).  This  method  re- 
sembles A  3  and  B  3  in  every  particular  except  that  before  method  3  is  ap- 
plied each  record  is  put  on  the  daily  basis  by  dividing  by  the  number  of  days 
in  the  lactation  (C)  or  winter  feeding  period  (D). 


Vie 


(I 


fi 


Lena 


If 


Total 

Daily  average 


.(^ 


Low  protein 

►ays 

Dry  matter 

Milk 

lbs. 

lbs. 

18.86 

15.40 

25.82 

22.69 

17.71 

14.72 

16.97 

15.87 

19.18 

17.45 

5 

98.54 

86.13 

5) 

19.71 

17.23 

Days 


1 
1 
1 
1 

4 
1 


High  protein 
Dry  matter        Milk 


lbs. 

•  •  •   • 

21.67 
15.37 
17.35 
20.03 

74.42 
18.61 


lbs. 

•  •  ■  • 

22.82 
16.75 
22.32 
20.78 

82.67 
20.67 
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Low  protein 

Days    Dry  matter 
lbs. 

Theta    1  15.39 

Zillah    1  19.27 

1  21.88 

1  16.46 

1  19.59 

Total   6  92.59 

Dally  average (-j-  5)  18.52 


Total:  two  low 
protein  averages 

Final:  dally  low 
protein  average. 


Days     Dry  matter 
lbs. 


2 
1 


38.23 
19.12 


Milk 
lbs. 

15.94 
19.99 
20.33 
11.19 
17.18 

90.63 
18.13 

Milk 
lbs. 

35.36 
17.68 


Medium  protein 

ays 

Dry  matter 

Milk 

lbs. 

lbs. 

1 

17.02 

18.44 

1 

17.45 

22.60 

1 

18.28 

23.49 

1 

• 

18.35 

•  •  •   • 

20.44 

•   •   ■   • 

4 

71.10 

84.97 

1 

17.78 

21.24 

COMPABISON  OF  RESULTS  SECUBED  BY  THESE  SEVERAL  METHODS^ 


Method  A 1 
CI 
A  2 
C2 
A3 
C3 


Dry  matter 
lbs. 

18.92 
19.11 
18.33 
18.40 
18.92 
19.12 


Milk 
lbs. 

17.54 
17.68 
17.14 
17.22 
17.54 
17.68 


It  has  been  suggested  that  the  yields  of  milk,  total  solids,  fat,  etc., 
given  by  each  cow  during  each  lactation,  and  the  consumption  of  the  several 
nutrients  for  each  cow  during  each  lactation  and  during  each  period  among 
the  short  altematers  should  be  published.  This  would  entail  the  printing  of 
a  vast  deal  of  figures  and,  it  Is  thought,  to  little  purpose.  Should  anyone 
desire  to  translate  the  data  in  tables  A  to  F,  Inclusive,  into  terms  of  con- 
sumption and  production  for  a  lactation,  for  a  year  or  otherwise  for  the 
average  cow  In  each  group,  it  can  be  done,  using  the  average  lactation  and 
dry  period  data  in  the  table  on  page  60.  Furthermore,  the  great  mass  of 
original  data  as  well  as  the  computation  sheets  are  on  file  In  a  fire  proof 
vault  in  Morrill  Hall  and  will  be  kept  intact,  so  that  they  can  be  referred  to 
at  any  time  in  the  future  by  any  one  who  may  desire  to  pursue  any  detail. 


Concerning  "Starch  Equivalents" 

It  should  be  remembered  that  these  trials  were  begun  in  1906  and  that 
a  large  part  of  the  data  were  gathered  prior  to  1915  and  much  collated  prior 
to  that  date.  The  "therm"  was  not  born  in  1906.  The  methods  of  state- 
ment now  quite  generally  accepted  had  not  been  formulated.  Much  thoag^t 
was  given  after  the  trials  had  been  under  way  for  a  few  years  as  to  what 
method  of  statement  should  be 'employed  and  touching  the  terms  in  which 
food  usage  should  be  expressed.  Following  conferences,  correspondence  and 
careful  study,  It  was  decided  to  use  the  norms  then  in  vogue — and  two  of 
them  long  In  vogue — namely,  "total  digestible  nutrients,"  "digestible  protein 
and  "starch  equivalents."  Of  course  today  "true  protein,"  "therms, 
"metabolizable  energy,"  "net  energy,"  etc.,  are  rapidly — and  most  properly — 
coming  to  the  front  and  seem  likely  to  be  the  terms  in  which  experimental 


ft 


ri 


>  It  should  be  noted  that  none  of  these  figures  will  be  found  in  tables  A  and 
C  folded  in  opposite  page.  The  records  of  only  a  few  of  the  many  cows  whose 
data  contribute  to  these  great  tables  were  used  in  this  explanatory  statement  for 
purposes  of  illustration. 
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results  in  animal  feeding  will  be  stated  for  many  years  to  come.  However, 
to  haye  re-calculated  and  re-expressed  the  great  mass  of  data  involYed  either 
in  the  protein  trials  or  in  the  maintenance  trials  (see  bulletin  226),  includ- 
ing literally  millions  of  separate  items,  the  mere  paper  and  ink  of  the  records 
of  which  some  years  ago  weighed  more  than  300  pounds — would  have  been  a 
stupendous  task.  Furthermore,  It  was  not  deemed  to  be  necessary,  particu- 
larly in  Yiew  of  the  fact  that  Armsby  and  Fries^  have  recently  stated  that: 
"Aside  from  experimental  errors,  there  is  no  diiference  in  principle  between 
the  two  sets  of  values  (Kellner's  starch  values,  net  energy  values)  but 
merely  a  difTerence  in  the  manner  of  expression."  It  may  not  be  amiss  to 
say  that  some  years  ago  a  similar  statement  was  made  privately  to  one  of 
us  (A.  A.  B.)  by  the  senior  of  these  two  authors. 

We  hear  less  of  "starch  values"  than  we  did  ten  years  ago.  The  term  and 
the  method  of  calculation  are  passing  from  the  stage.  Their  validity  as  a 
measure  of  food  values  is  questioned,  especially  as  it  applies  to  dairy  feed- 
ing. Since,  however,  they  are  used  in  this  bulletin,  it  seems  worth  while 
briefly  to  discuss  them. 

On  the  basis  of  carefully  controlled  experimentation,  Kellner'  formulated 
feeding  standards  in  terms  of  ''starch  values."  These  computed  production 
values  were  recognized  from  the  outset  as  of  somewhat  limited  application 
because  of  the  faet  that  the  trials  were  confined  to  one  class  of  animal, 
namely,  the  ox,  and  that  only  about  a  dozen  feeds  were  tested.  However, 
approximate  starch  values  were  determined  by  computation  from  a  long  list 
of  feeding  stuffs.  According  to  this  statement,  1  pound  of  digestible  protein 
was  held  to  possess  0.94  pounds  of  starch  value;  1  pound  of  digestible 
nitrogen  free  extract  and  crude  fiber,  1  pound;  1  pound  fat  in  roughage, 
roots,  etc.,  1.61  pounds;  in  cereals,  factory  and  mill  byproducts,  2.12  pounds; 
and  in  oil-bearing  seeds  and  oil  meal,  2.14  pounds.  It  was  found  necessary 
to  make  deductions  from  these  starch  values  of  from  5  to  30  percent  with 
mill  and  factory  byproducts  and  from  50  to  70  percent  with  straws  to  arrive 
at  true  starch  values. 

The  "starch  value"  system  has  had  both  advocates  and  detractors.  Some 
of  the  most  recent  statements,  pro  and  con,  may  be  cited  as  follows: 

Eckles'  (1913)  finds  the  values  too  low  as  applied  to  dairy  cows.  Hans- 
son*  (1913,  1914)  agrees  with  Eckles,  deeming  the  figures  inexact  in  milk 
production,  especially  in  respect  to  the  protein  conversion  factor  which  he 
would  make  1.43  instead  of  0.94.  Stutzer*  (1914)  states  that  for  oxen  and 
swine  the  values  are  accurate,  but  that  with  cows  "there  is  difTerence  of 
opinion  as  to  what  proportion  of  the  starch  value  must  be  given  in  the  form 
of  digestible  protein." 

*  Wood  and  Yule*  (1914)  having  made  some  400  trials  with  oxen  and 
sheep  indicate  their  inapplicability  in  the  latter  stages  of  fattening  or  when 
feeding  is  very  liberal.  * 


>Jour.  Agr.  ScL  9.  2.  pp.  182-187  (1919)  :  Abstr.  E.  S.  R  43.  pp.  372-373   (1920). 

•Landw.  Kal.  (1909)  I.,  pp.  103-109;  Emahr.  Landw.  Nutxtiere,  pp.  153-163 
(1907). 

»Mo.  Sta.  Rsch.  Bui.  7.  p.  133   (1913)  ;  Abstr.  E.  S.  R.  30.  pp.  773-774    (1914). 

«Landtbr.  Akad.  Handl.  cx;h.  Tidskr..  52.  8.  pp.  633-647  (1913)  ;  Meddel. 
Centralanst.  FSrsoksv.  Jordbniksomriidet.  85,  p.  17  (1913)  ;  FOhllng's  Landw.  Ztg.. 
63,  2.  pp.  41-53   (1914)  :  Abstr.  K.  S.  R.  31.  p.  371   (1914). 

•Tnternat.  Inst.  Apr..  Mo.  Bui.  Agr.  Intel,  and  Pit.  Dis..  5,  3,  pp.  155-158  (1914)  ; 
Abstr.  E.  S.  R.  31,  p.  663   (1914). 

•Jour.  AifT.  Sci.  6.  2,  pp.  233-251   (1914)  ;  Abstr.  E.  S.  R.  32.  pp.  166-167   (1915). 
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Murray'  (1915)  bears  testimony  similar  to  that  of  Wood  and  Yule  and 
suggests  the  use  of  formulas  rather  than  of  feeding  standards — these  to  be 
stated  in  terms  of  total  digestible  nutrients,  with  varying  protein  ratios  for 
maintenance,  growth,  work,  fattening  and  milk  production. 

Hainan*  (1915)  upholds  the  Kellner  point  of  view,  fully  developing  and 
discussing  the  starch  equivalent  theory. 

SJoUema*  (1914)  holds  with  Eckles,  Wood  and  Yule,  and  Murray  as  to 
the  inapplicability  of  starch  values  in  the  feeding  of  milch  cows,  believing 
that  the  amount  of  protein  needed  to  make  a  pound  of  milk  cannot  be 
accurately  stated,  and  provisionally  suggesting  maintenance  and  milk  pro- 
duction rations  expressed  in  terms  of  protein,  carbohydrates  and  starch 
values. 

However,  Fingerling^^  (1915)  dissents  from  these  periods  of  view,  con- 
tending that  since  milk  production  depends  upon  the  non-nitrogenous  nitro- 
gen supply,  as  well  as  upon  that  of  protein,  and  since  the  usage  of  the  latter 
is  bound  to  be  variable,  Kellner's  estimates,  even  though  they  are  predicated 
on  body  growth,  are  well  suited  for  use  in  connection  with  milk  production. 

Halnan^^  (1918)  in  cooperation  with  Wood,  issued  from  the  Cambridge 
University  press  a  brochure,  entitled  "Computations  and  Nutritive  Values 
of  Feeding  Stuffs,"  which  contains  "maintenance  and  production  starch 
equivalents,"  which  Murray^'  characterizes  as  "in  effect  the  discredited  total 
digestible  nutrients,  and  not  starch  equivalent  at  all." 

Finally,  from  this  side  of  the  water,  oil  has  been  poured  upon  the  Eng- 
lish waters  troubled  by  Wood  and  his  associates  and  by  Murray  in  the  form 
of  a  paper  by  Armsby  and  Fries"  written  "to  remove  misapprehensions  as  to 
the  relationship  between  starch  values,  carbohydrate  equivalents  ('total' 
nutrients),  metabolizable  energy,  and  net  energy."  They  state  that  the 
Kellner  starch  values  "seek  to  express  in  another  form  ♦  *  *  precisely  what 
we  have  expressed  in  our  net  energy  values,  viz.,  the  extent  to  which  the 
feed  is  able  to  diminish  or  prevent  loss  of  stored  energy  from  the  body  (sub- 
maintenance  rations)  or  to  bring  about  a  storage  of  energy  in  new  tissues 
(fattening,  growth,  etc.)." 

The  statement  made  by  these  authors  cited  at  the  beginning  of  this  dis- 
cussion, namely,  that  "there  is  no  difference  in  principle  between  the  two 
sets  of  values  but  merely  a  difference  in  the  manner  of  expression"  is  signifi- 
cant in  this  connection. 


TJour.  Agr.  Set.  7,  2,  pp.  154-162   (1915)  ;  Abstr.  E.  S.  R.  33,  p.  870   (1915). 
•Jour.  Agr.  Sci.  7,  2,  pp.  163-174   (1915)  ;  Abstr.  E.  S.  R.  33.  p.  870   (1915). 
•Jour.  Landw.   62,  4.  pp.   345-375    (1914)  ;   Abstr.  E.   S.  R.   33,  p.   673    (1915). 
»opahlIng's  Landw.  Ztg.,  63,   6.  pp.   185-189    (1914)  ;  Abstr.  E.  S.  R.  32,  p.  368 
(1915). 

hLqc  cit 

"Scl.  Prog.,  14,  54,  pp.  319-326    (1919)  ;  Abstr.  E.  S.  R.  43,  p.  372   (1920). 
^•Lioc  clt. 
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III.    THE   RELATIVE   VALUES    OF   RATIONS   CARRYING 
DIFFERENT  DIGESTIBLE  PROTEIN  CONTENTS 

1.    During  Usage  Continued  Over  a  Long  Period  of  Years 

(a)     Upon  the  Milk  Flow 

The  dairy  cow  uses  protein  in  part  to  maintain  her  bodily  status. 
She  uses  it  in  part  to  construct  the  foetus,  but  not  largely,  as  is  shown 
at  length  in  bulletin  226  and  has  been  amply  demonstrated  elsewhere. 
She  uses  it  in  part  in  milk  making.  Perhaps  she  uses  it  to  some  extent 
as  a  stimulus  to  milk  making.  In  other  words,  from  the  protein  in  the 
food  she  ingests  she  builds  nitrogenous  tissue  or  replaces  the  wastage 
incident  to  its  usage,  she  builds  foetal  structure,  she  places  casein  and 
albumin  in  the  milk  and,  perhaps  as  a  result  of  a  plentiful  supply,  is 
incited  to  make  more  milk.  Now  protein  costs  money  and  its  over- 
usage  is  to  be  decried.  Enough  is  said  to  be  as  good  as  a  feast.  What 
is  enough  protein?  How  much  can  a  cow  use  to  advantage?  How 
little  can  she  get  along  with?  What  are  the  economic  metes  and 
bounds  in  protein  usage  in  dairy  feeding? 

The  direct  object  of  this  long  continued  trial,  as  is  stated  at  the 
outset  of  the  introduction  to  this  bulletin  (page  8),  was  "to  deter- 
mine the  effect  upon  the  milk  flow  wrought  by  the  long  continued  use  of 
rations  carrying  either  very  low,  or  relatively  low,  or  medium,  or  high 
digestible  protein  contents."  It  has  been  heretofore  pointed  out  how 
painstakingly  the  data  contributing  to  the  determination  of  the  effect 
upon  the  milk  flow  of  the  use  of  these  four  rations  have  been  ac- 
cumulated, how  vast  is  its  volume,  how  extensive  the  computations. 
The  final  tables  A  to  F  which  set  forth  the  closely  condensed  results 
appear  folded  in  opposite  page  64.  Detailed  explanations  as  to  their 
nature  appear  on  pages  43-49.  The  data  are  reduced  on  the  one  cow- 
one  day  basis.  There  is  also  included  in  this  connection  table  G  which 
sets  forth  in  still  more  condensed  form  the  essential  outcomes  in  as 
succinct  a  fashion  as  seems  possible. 

It  goes  without  saying  that  it  would  be  fatuous,  as  well  as  impos- 
sible, to  print  the  appalling  amount  of  data  secured  in  these  trials.  As 
has  been  heretofore  indicated  the  mere  paper  and  ink  of  the  records 
some  years  ago  weighed  more  than  300  pounds.  It  has  been  digested 
into  tabular  form  which  is  of  itself  extremely  formidable  but  does  not 
seem  to  lend  itself  to  further  simplification.     However,  the  great  mass 
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of  original  data  and  computations  is  to  be  kept  in  a  fire  proof  vault  at 
this  Station,  segregated  by  itself,  and  at  any  time  can  be  consulted  by 
any  one  who  may  wish  to  make  use  of  it. 

COMPARISONS  OF  LOW,   MEDIUM   AND  HIGH   PROTEIN  RATIONS 

It  at  once  becomes  evident  on  studying  tables  A  to  D  that  the 
differences  in  the  results  attained  when  these  three  rations  were  fed 
.  are  not  large.  Table  G  (upper  left  hand  section)  contains  240  figures 
other  than  the  norms  (100^),  only  13  of  which  (5.4%)  are  less  than 
90  and  only  4  of  which  (1.7%)  are  less  than  88.  Furthermore,  it  is 
to  be  observed  that  the  results  afforded  by  the  use  of  the  same  data 
diversely  calculated  are  not  identical,  either  in  terms  of  figures  or  of 
the  trend  of  figures.  Thus  in  table  G  (upper  left  hand  section)  the 
outcome  is  as  follows : 

Long  continuous  Lactation  alternation 

trials  trials 

Non-  Non- 

Agreement     agreement  Agreement     agreement 

Gross  production 4  0  2  2 

Gross  food  consumption 2  2  4  0 

Economy  of  food  usage 3  1  4  0 

Economy    of    available    food 

usage    3  1  4  0 

Production  per  unit  of  starch 

equivalent  4  0  4  0 

Production  per  unit  of  starch 
equivalent  less  mainte- 
nance            3  1  4  0 

Totals 19  6  22  2 

Note. — "Gross  production"  is  set  forth  in  tables  A  to  F,  inclusive  (that 
is  to  say  in  the  great  tables  folded  in  opposite  page  64),  in  the  perpen- 
dicular column  headed  "ayerage  daily  milk  yield"  and  the  eight  perpen- 
dicular columns  headed  "yield  of  milk  nutrients";  "gross  food  consump- 
tion" in  the  nine  perpendicular  columns  headed  "average  daily  consumption 
digestible  nutrients";  "economy  of  food  usage"  in  the  six  perpendicular 
columns  headed  "etarch  equivalent  utilized  for;  digestible  protein  utilized 
for;  carbohydrates  and  (fat  X  2%)  utilized  for";  "economy  of  available 
food  usage"  in  the  three  perpendicular  columns  headed  "starch  equivalent 
less  maintenance  utilized  for  milk;  digestible  protein  less  maintenance  for 
milk;  carbohydrates  and  (fat  X  2^)  less  maintenance  utilized  for  milk"; 
"production  per  unit  of  starch  equivalent"  in  the  seven  perpendicular  columns 
headed  "1,000  pounds  starch  equivalent  in  food  yielded";  "production  per 
unit  of  fitarch  equivalent  less  maintenance"  in  the  last  seven  perpendicular 
columns  headed  "1,000  pounds  starch  equivalent  in  food  (less  that  required 
for  maintenance)  yielded." 

It  is  to  be  expected  that  agreements  would  be  closer  in  the  in- 
stances where  the  lactation  alternation  system  was  employed  than  in 


^In  six  cases  99 H  or  99  +  * 
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those  where  the  cows  were  fed  continuously  upon  one  ration,  for  the 
reason  that  in  the  one  case  the  same  individuals  were  used  on  both 
sides  of  the  comparison,  whereas  in  the  other  different  individuals 
were  used  on  the  one  than  on  the  other  side  of  the  comparison. 

The  fact  that  discordancies  existed,  that  divergencies  in  results 
were  obtained  when  the  identical  data  were  calculated  in  different 
ways ;  the  fact  that  the  outcome  varied  somewhat  according  to  whether 
one  accepted  the  one  or  the  other  method  of  calculation ;  the  fact  that 
ration  I  might  be  considered,  in  a  sense,  the  winner  if  one  method  oi 
calculation  was  employed,  whereas  ration  II  might  be  preferred  if 
another  method  was  used;  all  these  considerations  led  to  the  making 
of  the  final  condensation  of  tables  A  to  D,  in  the  form  of  table  G  (upper 
half)  and  in  the  subjoined  table,  where  the  vast  volume  of  figures  was 
brought  down  to  a  small  compass  and  a  comparable  basis  and  where 
all  the  various  methods  of  calculation  and  of  feeding  stood  upon  a 
parity. 

The  ultimate  outcome  thus  expressed  indicates  that  the  low, 
medium  and  high  protein  rations  ranked  in  a  general  way  about  as 
follows,  100  representing  optimums* ; 

Long*  continuous  feeding 

Gross  production  High       100*       low  96.1        medium  91.8 

Gross  food  consumption High       100        medium  97  low  94.9 

Economy  of  food  usage Low         100        high        98  medium  93.9 

Economy    of    available    food 

usage    Medium  100  .      low        100  high        92.6 

Production  per  unit  of  starch 

equivalent    Low         100        high        98.4        medium  93.8 

Production  per  unit  of  starch 
equivalent  less  mainte- 
nance       Medium  100        low  99.7        high        93.2 

Lactation  alternation  feeding 

Gross  production   High        100        medium  96.3        low  94.6 

Gross  food  consumption Low         100        high        99.8        medium  97.9 

Economy  of  food  usage High       100        medium  98.9        low  94.6 

Economy    of    available    food 

usage    Medium  100        high        97.8        low  94.1 

Production  per  unit  of  starch 

equivalent High       100        medium  98.5        low  94.8 

Production  per  unit  of  starch 
equivalent  less  mainte- 
nance        Medium  100        high        98.1        low  94.4 


*See  explanatory- "note"  in  the  text  on  page  58. 

*This  table  does  not  ''check"  with  table  G  (upper  left  hand  section)  in  that 
all  optimums  have  been  raised  to  the  100  value  and  other  figures  raised  propor- 
tionately. For  example,  the  100  against  which  this  footnote  is  debited  represents 
four  100s,  one  99%  and  one  98,  averaging  99.7.  This  figure  being  raised  0.3  In- 
volves raising  the  other  two  figures  accordingly.  Furthermore,  exact  fractions,  I.  e.. 
to  0.1%  and  not  to  0.5%  were  used. 
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Both  methods 

Gross  production   High       100        low  95.2        medium  94.6 

Gross  food  consumption High       100        low  98.1        medium  97.7 

Economy  of  food  usage High       100        medium  97.7        low  97.6 

Economy    of    available    food 

usage    Medium  100        low  96.5        high        95.9 

Production  per  unit  of  starch 

equivalent High       100        low  97.5        medium  97.3 

Production  per  unit  of  starch 
equivalent  less  mainte- 
nance  .- Medium  100        low  96.4        high        96.1 

It  seems  quite  clear  when  one  studies  these  data : 

1.  Gross  production.  That  the  cows  eating  the  high  protein 
ration  made  the  most  product. 

2.  Gross  food  consumption.  That  the  cows  eating  the  high  pro- 
tein ration  ate  the  most  food. 

3.  Economy  of  food  usage.  That  the  cows  eating  the  high  pro- 
tein ration  made,  on  the  whole,  the  most  economical  use  of  their  food ; 
that  is  to  say,  of  the  total  food ;  but 

4.  Economy  of  available  food  usage.  That  the  cows  eating  the 
high  protein  ration  did  not  make  the  best  and  most  economical  usage 
of  the  available  food  they  ate ;  that  is  to  say,  of  the  total  food  less  that 
assumed  to  be  needed  for  maintenance  purposes;  that  in  this  respect 
the  cows  fed  both  the  medium  and  the  low  protein  rations  outclassed 
them. 

5.  Production  per  unit  of  starch  equivalent.  That  the  cows 
eating  the  high  protein  ration  made  the  most  per  unit  of  starch  equiva- 
lent in  their  food;  but 

6.  Production  per  unit  of  available  starch  equivalent.  That  the 
cows  eating  the  high  protein  ration  did  not  make  the  most  milk  and 
solids  per  unit  of  starch  equivalent  when  maintenance  needs  were  de- 
ducted ;  that  is  to  say,  they  did  not  make  the  most  per  unit  of  available 
starch  equivalent,  the  cows  eating  the  medium  protein  ration  decidedly 
and  those  eating  the  low  protein  ration  slightly  outclassing  them  in  this 
respect. 

The  question  naturally  arises,  why  did  the  cows  fed  the  medium 
protein  ration  forge  ahead  of  those  eating  the  high  protein  ration  when 
their  available  food  intake  is  considered?  A  study  of  the  original 
tables  shows  clearly  that  this  is  a  matter  of  their  live  weights;  that 
the  medium  protein  fed  cows  were  decidedly  heavier  than  were  their 
competitors.  The  maintenance  deduction  is  of  course  predicated  upon 
live  weights.  Now  the  live  weights  as  stated  in  the  tables  on  pages 
101-103  are  shown  in  the  following  table.  The  three  columns  of 
figures  to  the  left  represent  the  actual  average  weights  as  shown  in  the 
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tables.  The  three  columns  of  figures  at  the  right  represent  their 
translation'  into  percentages,  the  weights  of  the  cows  fed  the  high  pro- 
tein ration  being  treated  as  100.  The  different  figures  (i.  e.,  892,  934) 
for  each  table  (i.  e..  A,  B,  C,  D)  represent  the  five  diverse  methods  of 
calculation  of  the  same  data  as  set  forth  on  pages  43-49. 

Actual  average 
welgrhts 

Low     Medium        High 

lbs.  lbs.  lbs. 

A.  Long  continuous 892    979     916. 

934  924  901 

Lactation  alternation  884  885  888 

877  872  882 
885  884  886 

B.  Long  continuous 933  1049  943 

929  1004  936 

Lactation  alternation  899  876  880 

909  893  864 

902  885  871 

C.  Long  continuous 890  966  913 

934  926  911 

Lactation  alternation  886  883  888 

878  871  883 
887  883  886 

D.  Long  continuous 931  1046  943 

929  1009  936 

Lactation  alternation    897  874  877 

908  893  863 

899  884  869 
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99 
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100 

100 

100 

99 

111 

100 

99 

108 

100 

102 

100 

100 

105 

104 

100 

103 

102 

100 

Averages 

Long  continuous 922        988  925  99.6         106.9     100 

LactaUon  altemaUon 893        882  878        101.8         100.8     100 


Both  methods 904        924  897        100.7         103.2     100 

The  cows  fed  the  medium  protein  ration  continuously  for  a  long 
series  of  years  averaged  65  pounds  heavier  than  did  those  fed  the  low 
or  the  high  protein  rations.  They  were  seven  percent  heavier  than 
their  competitors.  Now,  theoretically,  maintenance  needs  are  propor- 
tioned to  live  weight ;  practically,  however,  it  does  not  always  seem  to 
work  out  that  way ;  that  is  to  say,  in  cases  such  as  the  one  now  under 
consideration,  the  fact  that  a  cow  weighs  somewhat  more  does  not 
always  mean  that  an  equivalent  of  food  is  needed  for  the  maintenance 
of  the  body  status  for  the  last  few  pounds  of  extra  weight.  Or,  to 
phrase  this  matter  in  still  another  way,  while,  theoretically,  it  requires 
Yi  s  more  food  to  maintain  a  950  lb.  cow  in  body  status  than  it  does  to 
maintain  a  900  lb.  cow  in  body  status,  one  does  not  feel  absolutely 
certain  that  this   fraction  of  necessity  is  correct.      At  any  rate,  in 
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these  long  continued  trials,  the  prime  reason  why  the  cows  fed  the 
medium  protein  ration  appear  to  have  outclassed  those  fed  the  high 
protein  ration  in  respect  to  the  economy  of  available  food  usage  and 
economy  of  production  per  unit  of  starch  equivalent  less  maintenance, 
and  in  these  two  points  only,  seems  to  be  because  they  weighed  seven 
percent  more  than  did  their  rivals. 

However,  it  will  not  do  to  overstress  this  statement,  for  the  reason 
that  as  a  matter  of  fact  the  cows  continuously  fed  the  medium  protein 
ration,  as  compared  with  those  continuously  fed  the  low  protein  ration, 
did  no  better  either  in  respect  to  economy  of  usage  of  available  food 
constituents  (100: 100)  or  in  production  per  unit  of  starch  equivalent 
less  maintenance  (100:99.7).  Yet  the  average  low  protein  and  the 
average  high  protein  group  cows  weighed  almost  exactly  the  same. 
This  apparent  advantage  afforded  to  the  medium  protein  ration  may 
have  been  due  to  bovine  idiosyncrasy ;  and  it  must  be  remembered  in 
this  connection  that  it  is  the  animals  fed  continuously  for  a  long  series 
of  years  upon  identical  rations  that  are  being  considered  and  not  those 
which  were  shifted  back  and  forth  from  one  ration  to  another,  being 
fed  one  during  one  lactation  and  another  during  another  lactation. 
However,  whatever  the  explanation,  it  certainly  seems  anomalous — ^as 
is  shown  in  the  data  in  the  upper  third  of  the  table  on  page  54 
that  the  cows  fed  for  a  working  lifetime  on  the  medium  protein 
ration  which  made  the  least  gross  production  (91.8),  which  made  the 
least  economical  usage  of  total  food  ingested  (93.9)  and  which  made 
the  least  production  per  unit  of  total  starch  equivalent  ingested  (93.8), 
should,  because,  forsooth,  they  averaged  to  weigh  seven  percent  more 
than  did  their  competitors,  stand  at  the  head  of  the  line,  in  that  they 
made  the  most  economical  usage  of  available  food  constituents  (100) 
and  the  most  per  unit  of  starch  equitalent  less  maintenance  (100). 

On  the  other  hand,  in  the  lactation  alternation  trials,  under  con- 
ditions wherein  so  far  as  might  be  bovine  idiosyncrasies  were  eliminated, 
and  certainly  were  less  to  be  reckoned  with  than  in  the  case  of  the 
cows  fed  continuously  throughout  their  working  lifetime  upon  a  single 
ration,  the  medium  protein  ration  likewise  outranked  the  others  on 
the  basis  of  the  economy  of  usage  of  available  food  nutrients  and  in 
respect  to  the  production  per  unit  of  starch  equivalent  less  main- 
tenance ;  that  is  to  say,  in  precisely  the  same  items  in  respect  to  which 
it  proved  superior  in  the  long  continued  feeding  trials.  However,  the 
differences,  expressed  as  percentages,  in  the  lactation  alternation  trials 
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were  not  as  large  as  in  the  other  instances,  when  the  results  obtained 
with  the  medium  and  the  high  protein  rations  are  compared,  being,  in 
fact,  very  little  beyond  the  permissible  limit  of  experimental  error 
(100:98).  The  low  protein  ration,  however,  proved  to  be  distinctly 
inferior  to  the  other  two  throughout  these  lactation  alternation  trials, 
the  average  figures  (exclusive  of  gross  food  consumption)  being  high 
(99.2),  medium  (98.7),  low  (94.5). 

Another  and  somewhat   simpler  method  of  statement — ^likewise 
a  condensation  of  data  in  the  great  tables  A  to  D — ^appears  below. 
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Low 
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0.84 

914 

14.1 

1.47 

16. 

2.26 

0.78 

Medium 

906 

11.7 

1.64 

16.4 

2.38 

0.85 

941 

14.1 

1.91 

15.8 

2.24 

0.78 

High 

896 
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2.09 

17.4 

2.47 

0.86 
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14.6 

2.41 

17.1 

2.44 

0.84 

As  is  pointed  out  on  page  33  the  original  plan  of  the  experiment 
in  respect  to  concentrate  usage  contemplated  the  feeding  of  seven 
pounds  of  grain  during  the  seven  bam  feeding  months  to  such  cows 
as  made  the  average  total  solid  production.  When  the  trials  started 
out  in  1906  a  considerable  portion  of  the  experimental  cows  were  grade 
Holsteins.  These,  of  course,  were  relatively  heavy  milkers.  Their 
numbers  were  not  added  to  as  tht  years  went  on  but  the  proportion 
of  grade  Jerseys  was  greatly  increased.  It  was  quite  commonly  held 
among  good  dairymen  15  years  ago  that  if  one  fed  a  pound  of  grain 
to  3  to  3%  pounds  of  milk  the  ratio  was  about  right;  and  a  similar 
feeling  prevails  today,  with  a  tendency  towards  broadening  the  ratio 
and  of  feeding  a  pound  of  grain  to  from  3%  to  4  pounds  of  milk.  It 
seemed  safe  to  assume  at  the  outset  of  these  trials  that  the  average 
milk  production  would  range  between  20  and  25  pounds.  This  assump- 
tion, however,  proved  erroneous,  partly  because  of  the  larger  propor- 
tion of  grade  Jerseys  actually  introduced  uito  the  trial  as  time  went 
on,  partly  because  of  failure  to  breed  and  consequently  the  occurrence 
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of  over-long  average  lactation  periods.  The  average  milk  yield  for 
the  entire  year  approximated  17  pounds  or  hardly  more  than  three- 
quarters  of  the  amount  that  was  anticipated. 

The  following  statement  indicates  the  number  of  pounds  of  milk 
per  pound  of  concentrate  fed  on  the  average  in  these  trials. 


For  the  year 

For  seven  months 


One  pound  concentrate  per  pounds  milk 
Very  low      Low  Low        Medium       Hiirh 

2.9  3.  2.6  2.6  2.6 

2.5  2.6  2.2  2.2  2.3 


Obviously,  concentrate  usage  was  somewhat  over-liberal.  The 
actual  average  consumptions  for  the  four  rations  throughout  the  year 
and  during  barn  feeding  were : 


Year    

Very  low 
5.2 

Low 

5.6 
7.4 

Low 

6.5 
7.2 

Medium 

6.4 
7.2 

High 

6.6 
7.3 

Intended 
6.4 

Seven  months  .. 

7.1 

7. 

It  was  found  necessary  to  feed  less  than  seven  pounds  of  the  very 
low  protein  concentrate  ration  to  reduce  it  to  so  low  a  protein  basis 
and  the  low  protein  concentrate  ration  was  fed  in  similarly  small 
quantities  in  comparison  with  its  very  low  competitor  in  order  more 
accurately  to  maintain  the  balance  with  the  other  rations  in  respect  to 
the  proportions  of  grain  and  roughage  fed.  However,  during  the  barn 
feeding  months  the  full  seven  pound  ration  was  fed  and  the  digestible 
protein   intake   was   somewhat   larger   than  had   been   contemplated. 

Roughage  was  fed  in  ample,  though  not  excessive,  quantities. 
It  is  quite  clear  that  the  cows  were  maintained  as  a  whole  on  a  some- 
what high  nutritional  plane.  Their  general  tendency  to  maintain  or  to 
increase  body  weight  is  testimony  in  this  direction.  Whether  the  same 
results  would  have  been  attained  had  the  cows  been  fed  a  diet  more 
restricted  in  its  total  digestible  nutrient  intake  is  a  moot  question.  The 
writer  is  of  the  opinion  that  the  outcome  would  have  been  in  the  same 
general  character;  but  this  is  only  an  opinion. 

The  question  naturally  arises  whether  the  average  lactations  in 
the  various  groups  and  the  average  dry  periods  were  essentially  similar 
or  were  unlike.  If  unlike,  conceivably  this  may  have  affected  the  out- 
come. The  life  histories  in  respect  to  successive  calvings  and  dryings 
off  (pages  19-22)  enable  one  to  make  the  following  calculations  which 
clearly  indicate  that  this  was  not  a  vital  factor  in  the  result. 
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There  seems  to  be  no  reason  to  assume,  in  respect  to  the  duration 
of  the  milking  period  or  of  that  during  which  the  cows  remained  dry, 
that  material  differences  occurred  as  between  the  results  secured  when 
using  the  rations  originally  fed,  that  is  to  say,  the  low,  medium  and 
high  protein  rations.  Averaging  the  percentage  statements,  we  have 
the  following  showings : 


Actual  lactation  period 
Very  low       Low       Medium       High 
100  102.9         103.4         103.1 


Lactation  period  plus  dry  period 

Very  low     Low        Medium       High 

100         104.1         104.6         104.7 


It  would  seem  as  if  the  cows  fed  the  very  low  protein  ration  tended 
on  the  whole  to  go  dry  a  bit  quicker  than  did  those  fed  the  other  rations 
and  to  freshen  again  a  little  sooner,  but  it  hardly  seems  as  if  the  differ- 
ence was  sufficient  materially  to  affect  results. 

The  average  cow  in  each  of  the  four  groups  as  each  trial  began 
was  approximately  from  4%  to  5%  years  old  and  during  mid-trial  was 
was  approximately  from  6%  to  8  years  old.     It  seems  fair  to  assume 


•This  figure  Is  abnormally  high  because  the  cow  Aggie  persistently  failed  to 
breed.  Her  lactations  were  respectively  20,  21,  21%  and  14%  months  in  duration, 
an  average  of  578  days.  No  such  record  occurs  in  the  other  groups,  their  high 
marks  being  536  days  (one  lactation).  412  days  (two  lactations)  and  423  days 
(two  lactations).  These  four  records  constituted  respectively  7.2,  2.3,  4.2  and  8.3 
percents  of  the  data  of  the  four  groups.  Obviously.  Aggie's  Idiosyncracy  pro- 
foundly affects  the  average ;  hence  the  supplementary  horizontal  c»>lumns. 
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that  in  this  respect  no  one  ration  was  materially  advantaged  as  com- 
pared with  its  competitors. 

It  has  been  suggested  that  possibly  variation  in  the  times  in  fresh- 
ening might  have  affected  results ;  that,  for  example,  if  an  undue  pro- 
portion of  the  cows  fed  the  two  low  protein  rations  came  in  milk  at 
any  given  time  and  particularly  when  about  to  go  to  pasture,  i.  e., 
April,  May,  June,  July,  it  was  conceivable  that  the  outcome  to  some 
extent  might  have  been  affected  by  this  fact.  Consequently  the  follow- 
ing summation  has  been  made  with  a  view  of  determining  this  matter : 

Records  Jan.  Feb.  Mar.  Apr.  May  «nine  July  Aufir.  Sept.    Oct    Nov.  Dec. 

%%%%%%%%%%         %        % 
Low  and 

very  low     154     15       9       5       9       6        6        7        7      10        8        6        9 

Medium  ..       96       9       6       4     13       6        4        7      10       11      11        7        9 

High    ....       94      14       7        4        6        6         7         5       13         9       12       10        6 

Total    ....     344     13        8       5       9       6        7        7       10      10      10        7        8 

Segregating  these  data  by  three  four-month  periods,  the  winter 
months,  December-March;  spring  and  early  summer  months,  April- 
July;  late  summer  and  fall  months,  August-November;  we  find  that, 
in  general  terms,  the  results  are  as  follows,  stated  in  terms  of  fractions : 

Winter      Springr-summer  Summer-fall 

Low  ration 3-8  1-3  1-3 

Medium  ration 1-4  1-3  3-8 

High  ration 1-3  1-4  3-7 

All  rations 1-3  3-10  3-8 

Obviously,  the  differences  are  not  large ;  for  33,  30  and  37  percents 
are  all  pretty  much  the  same.  Furthermore,  the  cows  fed  the  low 
protein  rations  which  would  have  been  the  ones,  if  any ,^  which  would 
have  been  affected  by  pasture  feeding,  so  far  as  the  outcome  is  con- 
cerned, were  very  evenly  distributed  among  the  three  groups.  It 
seems  safe  to  assert  that  the  distribution  of  the  freshening  periods  as 
between  the  various  times  of  year  was  as  even  as  could  be  expected. 

A  study  of  the  dates  of  drying  off  and  calving  indicates  that  in 
general  terms  the  average  duration  of  the  dry  period  was  a  little  over 
two  months ;  some  shorter,  some  much  longer.  It  is  obviously  impos- 
sible to  make  as  clearcut  a  presentation  of  the  results  as  in  the  case  of 
dates  of  calving,  but  in  a  general  way  the  following  table  indicates  the 
percentage  statements  as  to  the  dry  periods. 


62  Bulletin  225 

1-3    2-4     3-5       4-6      5-7      6-8     7-9      8-10  9-11  10-12    11-1    12-2 

Two  low  rations  97      12        768758  12  7  12 

Medium  ration..  6      4      10        6        7        4      20      11        7  7  14  4 

High   ration 6      6        3        5        6        5      20        8        5  11  14  11 

All    rations 869666      14        87  10  11  9 

Note. — 1-3,  2-4,  etc.,  means  January-March,  February- April,  etc.  The 
figures  9,  7,  12,  etc.,  mean  that  the  dry  periods  of  9%,  7%,  12%  of  the  total 
number  of  cows  (100%)  were  located  as  indicated. 

Segregating  in  three  groups,  ^^-54  ;  %-% ;  %-^%2»  we  have  the 
following  statement,  expressed  as  fractions : 

winter  Spring-summer      Summer-fall 

Two  low  rations 1-3  1-3  1-3 

Medium  ration  1-4  1-4  1-2— 

High   ration    3-8  1-5  3-7 

All  raUons ^      1-3  1-4  2-5 

There  was  a  tendency,  especially  with  the  cows  fed  the  medium 
and  high  rations,  to  run  dry  somewhat  more  often  during  the  months 
of  short  pasture  than  at  any  other  time  of  year.  This  would  seem 
to  indicate  that,  except  for  the  month  of  June,  the  pasture  was  not  a 
source  of  any  material  amount  of  food  nutrients,  since  a  much  larger 
proportion  of  the  total  number  of  cows  went  dry  in  July  than  in  any 
other  month  of  the  year,  their  grain  being  cut  somewhat  (see  page 
34),  the  pasture  from  mid-July  onward  furnishing  not  a  very  large 
proportion  of  food  (see  page  41),  soiling  crops  being  fed  as  well 
as  grain  rations  increased  in  late  July  (see  page  26).  Once  more 
it  can  be  said  that  apparently  the  pasture  factor  did  not  control. 

The  writer,  as  a  result  of  protracted  and  most  careful  study  of  all 
the  data  from  the  very  initial  material  through  to  the  final  computa- 
tions— for  which  latter  he  alone  is  responsible — is  forced  to  conclude 
that  the  results  of  these  long  continued  trials  do  not  emphasize  the 
primacy  of  protein ;  that  a  ration  containing  approximately  2  pounds 
of  digestible  protein  per  1,000  pounds  of  live  weight,  year  in  and 
year  out,  produced  fully  as  much  as  did  a  ration  containing  approxi- 
mately 2.5  pounds  of  digestible  protein  per  1,000  pounds  of  live  weight, 
the  total  amount  of  digestible  nutrients  in  each  case  being  essentially 
identical;  and  that  a  ration  containing  1.5  pounds  of  digestible  protein 
per  1,000  pounds  of  live  weight,  year  in  and  year  out,  produced  about 
95  percent  as  much  as  did  rations  containing  from  one-third  to  two- 
thirds  again  as  much  protein  but  otherwise  essentially  identical  amounts 
of  digestible  nutrients.  Of  course  one  should  not  fail  to  take  into 
account  in  this  connection  the  relation  of  these  several  rations  to  the 
maintenance  of  live  weight  (see  pages  100-101)  and  of  physical  well 
being  (see  pages  68-100). 
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comparisons  of  very  low  and  low  protein  rations 

In  1914  the  trials  had  been  under  way  for  seven  years  and  the 
data  in  part  computed.  It  was  apparent  that  a  1,000  pound  cow  could 
get  along  on  a  1.5  pounds  daily  digestible  protein  intake  and  live  to  tell 
the  tale  in  the  form  of  a  reasonably  good,  although  possibly  not  a  large, 
milk  flow.  Hence  it  seemed  advisable  to  lower  the  protein  intake  and 
try  again ;  and  for  the  next  five  years  cows  were  fed  in  a  competitive 
way  on  rations  carrying  approximately  a  1.5  pounds  daily  digestible 
protein  content  and  1  pound  daily  digestible  protein  content  per  1,000 
pounds  live  weight.  The  later  ration  was  known  as  the  "very  low" 
protein  ration. 

This  portion  of  the  trials  was  beset  with  troubles.  No  less  than 
26  lactation  records  for  one  reason  and  another  were  rendered  useless. 
Eleven  cases  of  abortion  occurred;  in  three  instances  the  cows  gave 
so  little  milk  and  stripped  for  so  long  a  time  that  the  records  were  of 
little  use  ;^  in  three  cases  sterility  interfered ;  in  two  instances  the  cows 
came  in  too  late  and  in  two  went  dry  too  quickly  to  render  the  records 
of  service;  and  five  of  the  very  best  records  in  the  entire  trial  were 
made  of  no  avail  because  of  an  unfortunate  oversight  in  the  conduct 
of  the  feeding  operations  on  the  part  of  the  animal  husbandman  then 
in  charge  of  the  trials.  Hence  it  is  that  the  records  of  this  important 
part  of  the  trial  are  much  less  satisfactory  than  could  be  wished. 
However,  32  lactations  contributed  to  the  final  result,  19  being  of 
cows  fed  the  very  low  ration. 

The  outcome  in  respect  to  the  very  low  ration  as  compared  with 
the  low  ration  is  more  pronounced  than  was  the  case  with  the  low, 
medium  and  high  protein  rations;  but  the  result  seems  distinctly  less 
clearcut  because  of  the  multitudinous  calamities  above  indicated  and 
the  relatively  small  amount  of  available  data.  Then,  too,  the  results 
are  not  uniform.  The  trend  is  both  this  way  and  that,  and,  on  the 
whole,  if  the  figures  do  not  lie,  it  would  seem  as  if  the  very  low  ration 
was  a  little  the  better  of  the  two.  In  the  lactation  alternation  trials 
the  very  low  protein  ration  proved  superior  in  38  percent  and  the  low 
protein  ration  in  42  percent  of  the  comparisons,  the  remainder  being 
indeterminate.  In  the  long  continued  trials,  involving  long  continuous 
feedings  for  several  successive  lactations,  the  very  low  protein  ration 


1  The  prolonged  small  milk  flow  is  not  to  be  ascribed  to  the  use  of-  the  very 
low  protein  ration,  for  the  reason  that  cows  fed  the  low  protein  ration  were  also 
longrtime  strippers.  Note  in  this  connection  the  statement  as  to  the  average  lacta- 
tion lengths  in  the  table  on  page  60. 
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proved  superior  in  63  percent  and  the  low  protein  ration  in  37  percent 
of  the  comparisons. 

Tables  E  to  F  tell  the  story;  but  they  contain  a  multiplicity  of 
figures.  Hence  there  is  offered  the  following  condensed  statement, 
which  resembles  the  similar  tabulation  on  pages  54-55.^ 

Longr  continuous  feeding 

Gross  production    Very  low  100  Low  97.7 

Gross  food   consumption Low  100  Very  low  93.5 

Economy  of  food  usage Very  low  100  Low  89.8 

Economy  of  available  food  usage Very  low  100  Low  92.9 

Production  per  unit  of  starch  equivalent Very  low  100  Low  90.7 

Production  per  unit  of  starch  equivalent  less 

maintenance     Very  low  100  Low  93.3 

Lactation    altemaUon    feeding 

Gross  production Low  100  Very  low  96 

Gross  food  consumption Low  100  Very  low  98.7 

Economy  of  food  usage Low  100  Very  low  96.8 

Economy  of  available  food  usage Low  100  Very  low  98 

Production  per  unit  of  starch  equivalent. . .  Low  100  Very  low  97.3 
Production  per  unit  of  starch  equivalent  less 

maintenance  Low  100  Very  low  98.5 

Both  methods 

Gross  production   Low           100  Very  low  99.3 

Gross  food   consumption Low           100  Very  low  96.3 

Economy  of  food  usage Very  low  100  Low           97.5 

Economy  of  available  food  usage Very  low  100  Low           97.4 

Production  per  unit  of  starch  equivalent...  Very  low  100  Low           96.7 
Production  per  unit  of  starch  equivalent  less 

maintenance  Very  low  100  Low           97.6 

It  seems  quite  clear : 

(1)  .  That,  taken  as  a  whole,  the  cows  fed  the  very  low  protein 
ration  made  almost  as  much,  if  not  quite  as  much,  as  did  those  fed  the 
low  protein  ration. 

2)  That,  taken  as  a  whole,  the  cows  fed  the  very  low  protein 
ration  ate  somewhat  less  heartily  than  did  those  fed  the  low  protein 
ration,  the  average  consumption  shortage  approximating  3j4  percent. 

(3)  That  since,  taken  as  a  whole,  the  cows  fed  the  very  low 
protein  ration  made  as  much  as  and  ate  less  than  those  to  which  the. 
low  protein  ration  was  fed,  naturally  and  inevitably  the  former  group 
made  more  economical  use  of  total  nutrients,  of  available  nutrients 
and  made  more  per  unit  of  starch  equivalent  and  per  unit  of  starch 
equivalent  less  than  needed  for  maintenance. 

All  of  which,  being  interpreted,  seems  to  mean  that  in  these 
trials  the  very  low  protein  ration,  affording  approximately  one  pound 

^  See  explanatory  "note"  in  the  text  on  page  53. 
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per  day  of  digestible  protein  per  1,000  pounds  live  weight,  proved 
almost  if  not  quite  as  effective  as  a  milk  maker  as  did  the  low  protein 
ration  furnishing  approximately  1.5  pounds  digestible  protein  per  day 
per  1,000  pounds  live  weight;  and,  furthermore,  that  this  held  true  for 
a  considerable  series  of  years  of  continuous  feeding. 

Another  method  of  statement,  likwise  a  condensation  of  the  data 
in  the  great  tables  E  and  F,  appears  below : 


Ration        ^ 
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lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Very  low  831 

9.36 

0.75 

14.9 

2.21 

0.79 

837 

13.6 

1.08 

17.6 

2.62 

0.91 

Low            872 

10.15 

1.02 

16.5 

2.33 

0.80 

869 

13.5 

1.41 

19. 

2.71 

0.92 

The  results  thus  presented  differ  from  those  set  forth  above.  .  The 
low  and  very  low  protein  rations  are  to  each  other  expressed  as  ratios 
as  follows: 


Low 

Very  low 


Seven 
Tear     months 

Seven 
Year     months 

Seven 
Year     months 

Milk 

Total  solids 

Fat 

100         100 
90           93 

100         100 
94  Mi       96  Vj 

100         100 
99           99 

The  low  protein  ration  was  the  better  milk  maker  of  the  two,  but 
the  milk  made  thereon  was  of  a  somewhat  lower  quality.  There  was 
little  to  choqse  between  the  two  rations  in  respect  to  their  total  solid 
returns  (100:95%)  and  nothing  in  respect  to  their  fat  returns 
(100:99). 

It  may  be  true  in  practice  that  the  very  low  protein  ration  will 
continually  prove  sufficient  and  satisfactory,  if  one  thinks  only  of  the 
immediate  result  and  not  of  the  possible  untoward  effect  upon  the 
animal.  Consequently  the  question  of  the  effect  on  the  live  weight  and 
on  the  continued  physical  well-being  of  the  cow  should  be  borne  in 
mind.  Reference  should  be  had  to  the  discussion  on  pages  106  to 
107  in  respect  to  the  effect  of  the  very  low  protein  ration  to  live  weight, 
and  on  pages  81  to  106  in  respect  to  its  effect  upon  physical  well- 
being. 
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Certain  questions  should  be  raised  at  this  point.  Were  the  cows 
fed  a  super-maintenance  ration  when  dry,  especially  of  digestible  pro- 
tein? If  so,  did  they  increase  in  live  weight  as  a  result  and  thus 
become  the  better  prepared  for  possible  under-nutrition  during  the 
succeeding  lactation  period?  Furthermore,  did  the  cows  increase  ma- 
terially in  weight  while  at  pasture,  whether  dry  or  in  milk;  in  the 
former  case  becoming  thus  the  better  prepared  for  possible  subsequent 
under  feeding? 

1.  Concerning  possible  super-maintenance  feeding  while  dry>. 
The  length  of  the  yardstick  naturally  affects  the  answer  to  the  first 
question.  Two  unlike  sets  of  figures  are  suggested  in  this  connection 
0.7  and  7.93  pounds,  respectively,  of  digestible  protein  and  digestible 
dry  matter  by  Wolff -Lehmann,  Haecker,  Savage  and  many  others; 
0.5  pounds  true  protein  and  6  therms  of  energy,  equivalent  to  0.595 
and  6.48  pounds  of  digestible  protein  and  digestible  dry  matter,  re- 
spectively, (see  bulletin  226)  by  Eckles  and  by  Armsby.  The  ratios 
are  1 : 0.82  and  1 : 0.85.     One  must  take  both  standards  into  account. 

It  is,  of  course,  obvious  that  if  the  cows  fed  the  high  protein  ration 
ate  any  material  amount  of  grain  while  dry  their  digestible  protein 
intake  exceeded  the  higher  standard  figure.  It  is  equally  obvious, 
if  the  cows  fed  the  very  low  protein  ration — ^which  theoretically  fur- 
nished only  a  pound  a  day  to  the  full  milking  1,000-pound  cow — ^ate  no 
grain  or  even  small  quantities  of  grain  when  dry,  that  their  digestible 
protein  intake  was  not  likely  to  exceed  the  higher  standard  figure. 
The  cows  fed  the  low  and  the  medium  protein  rations  might  or  might 
not  consume,  when  dry,  amounts  of  digestible  protein  in  excess  of 
maintenance  needs.    The  situation  is  less  obvious  than  in  the  other 

cases. 

« 

However,  reference  to  the  facts  is  to  be  preferred  to  speculation. 
The  following  statement  sets  forth  the  essential  facts  as  to  the  nutrient 
consumption  in  103  instances  wherein  the  cows  were  dry  for  a  period 
of  eight  or  more  weeks  prior  to  parturition.  Every  such  instance  is 
included,  except  when  abortion  occurred. 

It  is  to  be  remembered  that  these  cows  were  almost  invariably  in 
the  latter  stages  of  pregnancy — although  some  of  the  dry  periods  were 
more  than  16  weeks  long.  Cows  in  this  condition,  theoretically  at 
any  rate,  need  more  than  a  mere  maintenance  ration  at  such  a  time, 
certainly  in  respect  to  its  digestible  protein  content.  Studies  made  here 
(bulletin  226,  sections  III,  IV)  and  elsewhere  indicate  that  during  the 
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Low  protein  
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High  protein  ... 
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36 
18 
26 
23 
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13 
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9.92 
9.49 
9.88 
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0.76 
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15 
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9 

19 


8 

5 
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^See  text  below. 

last  few  months  of  pregnancy  from  0.15  to  0.2  pounds  of  digestible 
protein  are  required  over  and  above  maintenance  needs  per  1,000  pounds 
of  live  weight.  Assuming  the  mean  figure,  0.175,  and  the  average 
live  weight  at  900  pounds,  a  close  approximation  to  the  truth,  the  total 
figures  for  maintenance  and  foetal  construction  are  0.81  and  0.71 
pounds  respectively,  which  tally  with  reasonable  closeness  with  the 
average  figures  in  the  above  table. 

It  seems  safe  to  assume  that  while  several  cows  in  each  group,  other 
than  that  fed  the  very  low  protein  ration,  were  fed  while  dry  on  a 
somewhat  overhigh  nutritional  plane,  especially  in  respect  to  digestible 
dry  matter,  and  occasionally  in  respect  to  digestible  protein,  on  the  aver- 
age the  cows  eating  the  medium  and  very  low  protein  rations  were  not 
overfed  and  those  fed  the  low  and  high  protein  rations  not  materially 
overfed  with  digestible  protein  during  the  time  when  they  were  dry. 

2.  Concerning  possible  weight  increases  while  dry.  Speaking 
generally,  the  pregnant  cows  increased  in  live  weight — and  all  these 
cows  were  pregnant.  It  does  not  appear,  however,  that  the  increment 
was  materially  greater  than  that  of  the  uterine  contents.  No  conscious 
attempt  was  made  to  fatten  the  cows  at  this  time.  Non-pregnant  cows 
did  not  figure  in  this  trial.  Data  concerning  their  live  weights  are 
shown  in  bulletin  226,  dealing  with  maintenance  trials. 

3.  Concerning  possible  weight  increases  at  pasture.  No  evidence 
is  in  hand  indicating  any  essential  gain  in  live  weight  on  the  home 
pasture.  Indeed,  it  would  seem  as  if  the  tendency  ought  to  have  been 
in  the  opposite  direction.  The  full  milking  habit  of  June,  the  short 
pasturage  of  July  and  August,  the  hot  weather,  the  flies,  all  these  would 
seem  to  induce  loss  rather  than  gain  in  live  weight.    The  question  has 
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not  been  studied  with  extreme  care  in  this  connection,  but  a  somewhat 
extended  survey  of  the  records  during  several  summers  tends  to  bear 
out  this  statement.  Furthermore,  while  barn  fed,  the  three  main  groups 
on  the  average  weighed,  ate  (except  of  digestible  protein)  and  yielded 
much  the  same,  average  extremes  being:  live  weight,  4  percent;  hay, 
silage  and  grain  usage,  3,  3  and  1  percents ;  dry  matter  usage,  1  percent ; 
milk  yield,  6  percent.  Then  again,  the  low  protein  fed  cows  as  a  class 
did  not  seem  to  lose  weight  (pages  100-105).  The  very  low  pro- 
tein fed  cows  doubtless  recouped  somewhat  at  pasture  (pages  105-107). 
However,  the  situation  was  somewhat  different  with  the  cows 
likely  to  be  dry  for  a  considerable  length  of  time.  They  were  usually 
sent  to  a  distant  pasture  of  better  grade  than  the  home  pasture  which 
was  not  overstocked.  It  is  quite  possible  that  some  of  the  cows  on 
low  or  very  low  protein  rations,  due  to  calve  from  August  to  October, 
may  thus  have  been  somewhat  advantaged. 

(b)     Upon  the  Physical  Condition  of  the  Cows 

The  cows  used  in  these  several  trials  so  far  as  could  be  determined 
were  in  thoroughly  good  physical  condition  when  they  entered  upon 
their  labors.  Obviously  if  any  ration  used  tended  to  lower  vitality, 
or  otherwise  to  impair  the  usefulness  of  the  cows,  the  fact  should  be 
debited  against  it.  In  other  words,  the  continued  well-being  of  the 
animals  should  be  considered  as  well  as  the  milk  yields  in  the  formation 
of  judgment  as  to  the  value  of  any  given  ration.  Consequently,  several 
careful  physical  examinations  were  made  by  persons  who  might  well 
be  classed  as  expert  bovine  diagnosticians,  in  order  to  determine  if  pos- 
sible whether  or  not  any  ill-effects  were  observable  which  justly  might 
be  ascribed  to  the  nature  of  the  feeding.  Since  the  muscular  tissues, 
hair,  hide,  the  vital  organs,  etc.,  are  constructed  in  large  part  of  pro- 
tein derived  from  the  digestible  protein  of  the  food  and  since  the 
amounts  of  digestible  protein  ingested  by  the  various  groups  were 
widely  unlike,  it  was  perhaps  not  unreasonable  to  expect  that  noticeable 
differences  might  be  observed,  in  view  of  the  fact  that  experimental 
feeding  had  in  some  cases  lasted  from  seven  to  ten  years.  Then,  too, 
in  the  somewhat  similar  experiments  carried  on  at  Minnesota  it  is 
stated  that  such  differences  were  detected,  as  is  set  -forth  on  pages 
174-177. 

Five  separate  physical  examinations  were  held,  on  July  8,  1913, 
September  21,  1914,  May  19,  1916,  May  24,  1917,  and , May  27,  1918, 
and,  finally,  in  July  1919,  superficial  examinations  were  made  by  the 
station  animal  husbandman. 
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The  persons  who  were  chosen  for  this  work — other  than  the  sta- 
tion veterinarian  and  the  several  animal  husbandmen — knew  little  or 
nothing  about  the  cows  further  than  that  they  had  been  under  experi- 
ment involving  special  feeding  practice  for  a  considerable  length  of  time. 
The  names  of  the  cows,  their  identities,  the  nature  of  the  rations  used 
were  in  all  cases  unknown  to  the  examiners.  Indeed,  to  several  of 
the  judges  the  very  nature  of  the  trials  was  unknown  when  they  passed 
judgment.  It  was  the  common  practice  to  place  the  cows  in  a  single 
row,  and  they  were  numbered  and  known  to  the  members  of  the 
judging  board  by  number  only.  Furthermore,  the  cows  from  the 
several  groups  were  intermingled.  And,  finally,  the  judges  as  a  rule 
worked  independently  and  without  consultation  with  each  other,  except 
in  the  two  cases  cited  in  the  discussion  of  the  second  examination.  In 
every  case  the  individual  judge  went  at  his  problem  pretty  much  after 
his  own  fashion,  using  his  own  methods,  although  they  naturally  col- 
laborated more  or  less. 

The  personnel  of  the  boards  were : 

1913.  F.  W.  Chamberlain,  D.  V.  S.,  Professor  of  Veterinary 
Anatomy  (now  Acting  Dean  of  the  Department  of  Veterinary  Science), 
Michigan  Agricultural  College;  F.  A.  Rich,  V.  S.,  M.  D.,  Profes- 
sor of  Veterinary  Science,  University  of  Vermont,  (then)  Station 
Veterinarian ;  L.  E.  Brigham,  long  time  cattle  buyer,  for  many  years  in 
charge  of  the  plant  of  the  Burlington  Rendering  Company  in  this  city ; 
A.  A.  Borland,  M.  S.,  (then)  Professor  of  Dairy  and  Animal  Hus- 
bandry, University  of  Vermont,  Station  Animal  Husbandman. 

1914.  F.  A.  Rich ;  G.  W.  Stockwell,  breeder  of  Ayrshire  cattle, 
in  employ  of  Chapin  &  Co.,  feed  manufacturers. 

1916.  F.  A.  Rich;  J.  A.  McLean,  B.  S.  (then)  Professor  of 
Animal  Husbandry,  Massachusetts  Agricultural  College,  now  with  the 
Quaker  Oats  Co.,  Chicago,  111. ;  G.  W.  Stockwell ;  G.  F.  E.  Story,  B.  S. 
(then)  Professor  of  Animal  and  Dairy  Husbandry,  University  of 
Vermont,  Station  Animal  Husbandman. 

1917.  P.  A.  Campbell,  B.  S.  (then)  manager  of  the  Balsam  Stock 
Farm,  Dixville  Notch,  N.  H.,  formerly  Professor  of  Animal  Hus- 
bandry, University  of  Maine,  now  manager  of  a  farm  in  New  Jersey ; 
J.  C.  McNutt,  B.  S.  (then)  Professor  of  Animal  Husbandry,  Massa- 
chusetts Agricultural  College,  now  Professor  of  Animal  and  Dairy 
Husbandry,  New  Hampshire;  E.  S.  Savage,  Ph.  D.,  Professor  of 
Animal  Husbandry,  Cornell  University ;  and  G.  F.  E.  Story. 
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1918.  J.  C.  McNutt,  B.  S. ;  F.  A.  Rich ;  H.  B.  EUenberger,  Ph.  D., 
Professor  of  Animal  and  Dairy  Husbandry,  Station  Animal  Husband- 
man; G.  F.  E.  Story  (formerly  Professor  of  Animal  and  Dairy  Hus- 
bandry), General  Manager  Worcester  County  (Massachusetts)  Farm 
Bureau;  J.  E.  Carrigan,  B.  S.,  Assistant  County  Agent  Leader,  Ver- 
mont Extension  Service. 

The  first  two  examinations  conducted  when  the  trials  had  been 
under  way  6J4  and  nearly  8  years,  had  to  do  with  the  cows  which  had 
been  fed  low,  medium  and  high  protein  rations;  the  last  three  dealt 
with  a  small  number  of  animals  fed  either  the  low  or  the  very  low 
protein  ration,  as  well  as  with  some  continued  on  the  medium  and  high 
rations. 

The  1913  Examination 

Three  groups  of  eight  cows  each  were  made  in  December,  1906, 
when  the  trials  were  inaugurated;  and  from  that  time  onwards  these 
cows  were  fed  unchanged  rations,  either  low,  medium  or  high  in  their 
protein  contents.  Seven  of  the  eight  cows  fed  the  low  protein  for  nearly 
seven  years  was  on  hand  for  examination  on. the  morning  of  July  8, 
1913 ;  four  of  the  original  lot  which  were  started  on  the  medium  protein 
ration  were  in  line ;  and  only  two  of  those  which  were  set  to  work  at 
the  outset  on  the  high  protein  ration  were  present..  However,  no  con- 
nection can  be  traced  between  the  high  mortality  in  the  higher  protein 
groups  and  the  character  of  their  feeding,  for  accident  and  death  were 
responsible  for  the  situation.  Thus,  for  example,  of  those  who  fell 
by  the  wayside,  two  were  killed  by  wires  penetrating  vital  organs, 
four  were  sold  being  unprofitable  or  unruly  or  because  of  repeated 
abortion,  two  were  dropped  on  account  of  age,  one  because  she  was 
barren  and  one  because  of  frequent  abortion.  It  is  unfortunate,  how- 
ever, that  the  applicability  of  the  results  of  the  high  protein  trials, 
so  far  as  they  are  to  be  determined  by  the  scoring  of  the  physical  con- 
dition of  the  animals  after  long  continued  feeding,  is  so  limited  by  the 
small  number  of  survivors. 

The  names  and  the  history  of  the  cows  which  entered  upon  the 
long  continuous  feeding  trials  in  December,  1906,  and  which  at  later 
dates  were  admitted  to  the  trials,  in  so  far  as  it  concerns  the  dates  of 
calving  and  drying  off,  appear  on  pages  19  to  22,  and  also  in  the 
earlier  pages  of  bulletin  226;  for  in  this  portion  of  bulletin  225  the 
data  accumulated  as  a  result  of  feeding  a  considerable  number  of  cows 
for  a  long  series  of  years  on  unchanging  rations  in  the  maintenance 
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trials  can  well  be  used,  for  the  reason  that  they  contribute  testimony 
which  is  equally  valuable  to  that  afforded  by  the  cows  regularly  en- 
listed in  the  long  time  protein  trials. 
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Vt.  Afiter..     7 

Sheila 12 

Grace    ....  10 

Fyra   11 

Bontje 10 

Mab  7 

Ardelle  ...  10 
Aggie  ....  14 
Hazel  K...  10 
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Average  age  10  yrs.,  1  mo. 
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14 
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Medium  protein 
Name        Age  Tears  fed 


Vt.  Una.. 
Elbaje  . . . 
Altje  .... 
Angle  . . . 
Rocket    . . 


5  yra.,  1  mos. 
5    "      5    " 

6 
11 
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6 
5 
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11 
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13 
11 
11 
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High  protein 

Sabra    ....  11        6 

Tuba 14        6 

Zeta 14        6 

Average  ages  10  yrs.,  2  mos. 

14  yrs. 
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Each  judge  was  asked  to  classify  the  cows  on  any  and  every  sort 
of  a  basis  that  might  occur  to  him.  It  was  thought  that  in  this  manner 
the  cows  would  be  looked  at  from  several  angles,  that  the  methods 
with  which  each  man  was  most  familiar  would  be  used  and  that,  since 
the  final  result  secured  in  a  measure  would  be  of  a  composite  nature, 
it  might  on  that  account  be  more  trustworthy.  The  results  of  their 
deliberations  are  set  forth  in  tabular  form  below,  expressed  on  a  per- 
centage  basis. 


TEXTURE  OF  SKIN  AND  HAIR 

Three  judges  graded  the  animals  upon  basis  of  the  texture  of  the 
skin  and  hair. 

Low  protein  Medium  protein  High  protein 

Judge's  numbers     12       8    Average      12       8   Average       12        8    Average 

Fine»  soft  and 

silky    22     33     22       26  17     17     33       22  . .     50     . .       17 

Medium    ......  33     45    45      41  67    83     50      67         -50    50    50      50 

Harsh  and 

rough    45     22     33      33  17     . .     17      11  50     ..     50      33 

In  the  17  comparisons  the  three  judges  agreed  independently  in 
eight  and  two  of  the  three  agreed  in  nine  cases.  In  but  a  single  instance 
did  a  judge  vary  in  his  estimates  as  compared  with  those  of  his  asso- 
ciates to  the  fullest  possible  extent;  and  this  single  instance,  unfor- 
tunately, is  located  in  the  high  protein  group,  making  a  discrepant 
result.  In  general,  however,  it  is  fairly  safe  to  say  that  approximately 
a  quarter  of  the  cows  in  each  lot  were  listed  as  fine  skinned,  a  quarter 
as  harsh  skinned,  while  half  of  them  were  listed  as  intermediate  in  this 
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respect ;  that,  in  short,  no  pronounced  and  positive  outcome  can  be  de- 
clared. Certainly  the  long  continued  feeding  of  the  higher  protein 
ration  did  not  seem  favorably  to  have  affected  the  texture  of  the  skin. 
The  following  observations — very  few  in  number — were  made 
in  connection  with  this  examination.  The  feces  and  urine  analyses 
represent  one  day's  samples. 

Low  protein     Medium  protein     High  protein 

Average  nitrogen  content.  Hair  9  cows  13.2  6  cows  13.3  2  cows  13.8 

Average  ash  content  Hair  9  cows    4  6  cows    3.5  2  cows    2.6 

Average  nitrogen  content.  Feces  7  cows    2.2  2  cows    2.2  2  cows    2.3 

Average  nitrogen  content.  Urine  7  cows    1.1  2  cows    1.4  2  cows    0.9 

MUSCULAR   FIRMNESS 

An  increased  muscular  development,  if  brought  about  by  feeding 
relatively  large  amounts  of  digestible  protein,  might  perhaps  be  in- 
dicated by  a  firm,  full  loin,  as  well  as  by  the  firmness  of  the  abdom- 
inal muscles.  Three  of  the  examiners  passed  judgment  on  this  basis, 
two  (Nos.  1  and  3)  dealing  with  the  loin,  one  (No.  2)  with  the  ab- 
dominal muscles.  In  view  of  the  fact  that  one  judge  classified  in  two 
and  the  others  in  three  classes,  it  is  difficult  to  determine  averages 
which  mean  anything. 

Low  protein  Medium  protein  High  protein 

123  123  123 

Firm  and  fuH....     22        45        11  50        67        33  50        50        50 

Medium    33        67  ..         17        17  

Thin  (in  loin)  or 
soft    (in  abdom- 
inal muscles) ...     78        22        22  50        16        50  50        50        50 

The  results  are  widely  dissimilar,  both  as  regards  the  totals  and 
the  placing  of  the  animals.  No  decided  effect  properly  ascribable  to 
past  feeding  practice  could  be  found. 

THICKNESS  OF  SKIN 

Two  examiners  studied  the  cows  as  to  the  thickness  of  their  skin. 

Low  protein  Medium  protein  Hi^h  protein 

1  4      Averafi^e         1  4      Average         1  4      Avera^ 

Thick    67         33         50  17         17         17  50         ..         25 

Medium    22         22         22  83         33        58  50         50         50 

Thin    11        45        28  ..         50        25  ..         50        25 

In  seven  cases  the  judges  agreed  and  in  10  disagreed.  Three  of 
the  disagreements  were  profound,  one  judge  deeming  a  skin  to  be 
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"thick"  whereas  the  other  called  it  "thin."    Obviously  nothing  positive 
can  be  said  as  to  the  results. 

skin-tightness — MUCOUS   MEMB^NES 

The  tightness  of  the  skin,  the  color  of  the  mucous  membrane  of 
the  vagina  and  of  the  eye  were  observed  by  one  of  the  judges,  who 
classified  the  cows  on  these  cases  as  follows : 

Skin  Mucous  membrane 

Low       Medium      Hi^h  Low  Medium  Higrh 

protein      protein     protein  protein  protein  protein 

Tight  33  17  ..  Bright  22     38        33     100         ..     50 

Medium        22  33  50  Medium        56    37        33     . . .         50     . . 

Loose  45  50  50  Pale  22    25        33     . . .         50    50 

There  seems  to  be  a  general  tendency  toward  looseness  of  skin  with 
the  cows  fed  the  higher  protein  ration ;  yet  the  indications  are  not  suffi- 
ciently strong  to  amount  to  positive  proof.  The  left  hand  side  of 
table,  however,  furnishes  the  most  consistent  data  thus  far  presented 
in  indicating  a  difference  in  the  physical  condition  of  the  animals  eating 
a  low  protein  ration  as  compared  with  those  fed  a  large  amount  of 
protein.  Little  light  can  be  gained  from  the  study  of  the  mucous 
membrane  figures.  Furthermore,  there  is  little  concordance  between 
the  hues  of  the  two  membranes,  only  seven  of  the  17  being  similarly 
grouped. 

BEEF  QUALITIES 

The  dressing-out  properties,  the  general  fatness,  the  butcher's 
basis  of  classification,  was  resorted  to  by  two  of  the  examiners,  with 
results  as  follows : 

LfOW  protein  Medium  protein  High  protein 

2  4      Average         2  4      Average         2  4      Average 

Good    33        11        22  33        67        50  50         ..         25 

Medium    33        78        56  33         ..         33  50        25 

Poor    33        11        22  33        33        33  50        50        50 

If  trust  is  placed  in  averages,  most  of  the  cows  in  the  low  protein 
group  would  be  looked  upon  as  medium  beef,  most  of  those  in  the 
medium  protein  groups  as  good  beef,  and  most  of  those  in  the  high 
protein  group  as  poor  beef.  There  seems  no  logical  progression  from' 
good  to  poor  or  vice  versa  on  the  basis  of  the  protein  content  of  the 
rations. 
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A  careful  study  of  these  results  leads  the  writer  to  conclude  that 
they  lead  nowhere ;  that  nothing  outstanding  was  noted  by  these  several 
careful  and  expert  observers  as  to  the  physical  condition  of  these  cows 
which  justly  might  be  interpreted  to  be  due  to  the  character  of  the  feed- 
ing during  a  period  of  six  and  a  half  years ;  that  neither  those  fed  high 
protein  nor  those  fed  low  protein  rations  seemed  to  have  suffered 
physically  as  a  result. 

In  view  of  the  fact  that  each  of  the  several  examiners  was  asked 
to  find  trouble,  if  it  was  possible  to  do  so,  this  outcome  seems  significant. 


The  1914  Examination 

The  examination  of  July  8,  1913  having  revealed  no  distinct  dif- 
ferences in  the  physical  condition  of  the  cows  fed  low,  medium  and 
high  protein  rations,  it  seemed  advisable  to  repeat  the  work  a  year  later 
in  view  of  the  fact  that  the  trials  were  to  be  reshaped  in  the  late  fall 
and  a  number  of  the  older  cows  discarded.  Hence  a  second  survey 
was  made  on  September  21. 

The  following  table  shows  the  arrangement,  the  age  of  each  cow 
and  the  number  of  years  each  cow  had  been  fed  continuously  on  a  par- 
ticular ration. 


Low  protein 


Medium  protein 


No.         Name        Age 

1  SheUa  ....  13 

6  Ardelle  .. 

7  Pyra   .... 

12  Grace 11 

13  Mab  8 

18  Vt.  Aster..     8 

22  Bontje 11 

23  Evelyn    ...     7 

28  Effa 6 

29  Lanta    12 


11 
12 


Years  fed 

7  yrs.,  6  mew. 
7    "      9    " 


No. 


Name 


Age 


Years  fed 


2    Angle    ....     9        7  yrs.,  1  mos. 


7 
7 
7 
7 
7 
2 
1 
4 


«< 


« 


M 


•I 


«< 


<« 


<« 


« 


1 

9 
4 

5 


3 

10 


M 


M 


it 


«« 


<« 


«< 


Average  age  9.9  yrs. 


6  Rocket    ...     8  7 

8  Elbaje 12  6 

11  Isadore  ...     7  1 

14  Karah 4  1 

17  Vt.  IvlB...     6  1 

19  RylllB    ....     6  1 

Zl  Altje    12  7 

24  Lanta  2nd.     6  2 

27  Mary  6  2 


«t 


<i 


II 


11 


i< 


II 


II 


«i 


« 


4 

7 

11 

9 

10 

11 

2 

1 

4 


If 
«« 
i< 
i< 
tt 
II 
II 
I* 
i< 


No. 


Name 


High  protein 
Age 


Average  age  7.6  jrrs. 


Years  fed 


3    Beatrice 7      . .  yr.,  7  mos. 


4  Electa    5  1 

9  Phoebe 6  1 

10  Hepsy    7  1 

15  Vic    4 

16  Vt.  Peony 6  1 

20  Fizzy    3  1 

25  Dell  R. 5  1 

26  Nesbit    6  1 


II 


If 


II 


i< 


fi 


<f 


*t 


If 


10 
11 
11 
11 
11 

•  • 

4 
9 


II 
11 
(I 
II 
II 

M 
II 
l« 


Average  age  5.2  yrs. 
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Six  of  the  original  lot  fed  the  low  protein  ration,  which  startea 
on  the  long  road  in  December,  1906,  were  present ;  four  of  those  fed 
the  medium  protein  ration  were  in  line;  but  not  one  of  those  which 
began  in  1906  to  feed  upon  the  high  protein  ration  answered  to  the 
roll  call. 

The  judges  were  requested  first  to  classify  the  cows  into  three 
groups,  on  whatsoever  basis  they  felt  would  be  likely  to  afford  oppor- 
tunity for  adequate  judgment.  Accordingly,  in  the  first  place  they 
grouped  them  on  the  basis  of  the  general  impression  obtained  by  look- 
ing at  the  animals,  i.  e.,  their  vitality,  thrift,  evidences  of  proper  nour- 
ishment, etc.    There  were  placed  as  follows : 


GENERAL  APPEARANCE 


I  8 

S  Pi 

Low  protein 

Ardelle 2 

Vt.  Aster  ...     2     . .  . . 

Bontje 1  1 

Effa 2     ..  .. 

Evelyn 2 

Pyra  1  1 

vxi'ttOB  ...■.•     ••        ••  A 

I  jRiltft     ■•*.•     ..        ••  •• 

Mab 2     ..  .. 

SheUa 1  1 

Totals  ...     6      3  9 

Total  %..  33    17  50 


s  I 

Medium  protein 

Altje 

Angle    2 

Elbaje 1 

Isadore 

Karaii  .....   . . 

Lanta  2nd . .   . . 

Mary 

Rocket    ....     1 

RylllB 

Vt  Ivls  ....     2 


I 


S 

SI 

I 


s 


High  protein 


1 
1 
2 
1 
2 
1 
2 


1 
1 


Beatrice 
Dell  R. 
Electa  . 
Fizzy  . . 
Hepsey 
Nesblt  . 
Poebe    . 


1 
2 
1 
1 
2 
2 
1 


1 
1 


6    10      4 
80    60    20 


Vt.   Peony 2 

Vic  9 


10      4       4 
55    22     23 


Seventeen  were  similarly  and  11  dissimilarly  placed.  In  no  case 
did  the  judges  disagree  so  widely  that  a  cow  adjudged  "good"  by  one 
was  deemed  "poor"  by  the  other. 

There  seems  to  be  ground  for  claiming  that  there  were  some  dif- 
ferences in  the  external  appearance  of  the  cows  fed  different  amounts 
of  protein.  Half  of  the  cows  fed  a  low  protein  diet  gave  the  judges  a 
poor  impression  from  the  standpoint  of  thrift,  vitality,  nutrition,  etc. ; 
half  of  those  fed  medium  protein  rations  were  listed  in  the  medial  class ; 
and  half  of  those  fed  the  higher  protein  ration  were  deemed  to  be 
"good."  In  other  words,  in  each  case  at  least  one-half  of  the  cows  in 
a  given  group  were  bunched,  as  it  were,  in  a  particular  class.  There 
seems  to  be  a  logical  progression  from  "poor"  to  "good"  roughly  in 
accordance  with  the  amount  of  protein  consumed. 
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However,  too  much  stress  should  not  be  laid  upon  this  fact.  The 
age  of  the  cows  in  each  class  may  have  had  something  to  do  with  this 
outcome.  Owing  to  accidents  and  death  (see  page  70)  the  original 
group  of  cows  fed  the  high  protein  ration  had  passed  away  and  their 
places  had  been  taken  from  time  to  time  by  younger  animals,  the  average 
age  of  the  new  comers  being  6.2  years.  None  of  these  had  been  under 
trial  for  as  long  a  period  as  two  years.  Only  four  of  nine  of  the 
original  group  fed  a  medium  protein  ration  were  left,  and  these  together 
with  six  younger  cows  composed  the  1914  group.  Their  average  age 
was  8.6  years.  Seven  of  the  original  nine  cows  fed  a  low  protein  diet 
remained  and  only  two  younger  cows  had  been  associated  with  them ; 
hence  their  average  age  was  10.7  years. 

Quite  apart  from  considerations  of  ration  influence,  it  is  obvious 
that  a  group  of  cows  nearly  1 1  years  old  would  not  be  as  likely  to  find 
favor  in  the  eyes  of  cattle  judges,  so  far  as  apparent  thrift  and  vitality 
are  concerned,  as  would  a  group  but  six  years  old  and  in  their  prime. 

If  a  comparison  is  instituted  using  only  the  cows  that  had  been 
continuously  fed  since  1906,  the  tendency  appears  to  be  somewhat 
similar.  The  cows  fed  a  low  protein  diet  do  not  appear  to  quite  as 
good  advantage  as  do  those  receiving  the  medium  protein  ration.  How- 
ever, in  view  of  their  small  numbers,  one  naturally  hesitates  to  draw 
sweeping  conclusions  or  to  dogmatize. 

Low  protein:  Good  29%;  medium  20%;  poor  60%. 

Medium  protein:     Good  50%;  medium  26%;  poor  26%. 
High  protein:  None  left. 

One-half  of  the  original  low  protein  group  is  classified  as  "poor," 
while  two  of  the  four  cows  fed  a  medium  protein  ratipn  are  deemed 
"good."  Yet  representatives  of  both  the  low  and  the  medium  protein 
groups  are  found  in  each  class.  It  would  seem  that  while  the  cows  eat- 
ing daily  for  eight  years  a  medium  protein  ration  possibly  appeared  to 
better  advantage  as  judged  by  general  appearance  than  did  those  fed 
a  lower  protein  ration,  this  tendency  was  neither  distinct  nor  conclusive. 

THICKNESS  OF  SKIN 

Protein  being  an  important  constituent  of  the  structure  of  the  skin, 
it  seemed  reasonable  to  expect  that  a  comparison  of  the  thickness  of 
the  skin  of  the  several  animals  might  serve  to  betray  differences,  if  any 
such  there  were.  To  this  phase  of  the  examination  especial  attention 
was  paid,  in  view  of  the  fact  that  the  relative  thickness  of  the  skins  of 
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the  experimentally  fed  animals  in  the  Minnesota  trials^  was  the  means 
whereby  the  cows  fed  a  low  protein  diet  for  a  portion  only  of  each  of 
a  few  years  unerringly  were  identified  by  a  single  observer  (see  page 
175).     The  results  follow : 


6 

S     ? 

Low  protein 

Ardelle  ....     1      1 

Vt.  Aster 1 

Bontje 11 

Effa 1 

Evelyn    ....     2     . . 

Grace 2     . . 

Mab 1 

Sheila 1 


2     .2 
Medium  protein 


1 
1 


Altje  .... 
Angle  . . . 
Elbaje  . . . 
Isadore  . . 
Karah  . . . 
Lanta  2nd 

Mary 

Rocket  . . 
Ryllls  . . . 
Vt.    I  vis.. 


1 
1 


1 
2 


1 
1 


2 
1 


Total 6      6      6 

Total  %..  33     34     33 


•  •  a        •  . 

6       8      6 
30     40     30 


g 

High  protein 

Beatrice 

Dell  R 1  1 

Electa 2  . . 

Fizzy 1 

Hepsey 1  1 

Nesbit 2  . . 

Phoebe  1  1 

Vt.   Peony..    ..  2 

Vic 2  . . 


9      6      3 
50    33     17 


In  13  cases  the  judges  agreed  in  clasification,  that  is  to  say,  they 
were  a  unit  in  declaring  that,  for  example,  Evelyn  was  a  thin-skinned 
cow;  in  14  cases  the  judges  disagreed  to  the  extent  of  a  single  class, 
one  deeming  Ardelle  to  be  a  thin-skinned  cow,  while  the  other  con- 
sidered her  to  be  a  medum-skinned  animal ;  and  in  one  case,  Angie,  one 
judge  considered  that  the  cow  had  a  thin  skin  whereas  the  other  held 
that  her  skin  was  thick.  There  seems  little  if  any  correlation  between 
the  amount  of  protein  consumed  and  the  thickness  of  the  skin.  One- 
third  of  the  cows  fed  the  low  protein  ration  were  placed  in  each  class ; 
those  eating  a  medium  protein  diet  were  also  almost  equally  divided 
among  the  three  classes ;  whereas  the  cows  eating  a  high  protein  ration 
on  the  whole  were  deemed  to  be  somewhat  thicker  skinned  than  their 
mates.  In  other  words,  a  relatively  heavy  protein  diet  seemed  to  tend 
somewhat  to  increase  the  protein  deposits  in  the  form  of  skin.  How- 
ever, it  will  not  do  to  overstress  this  observation  for  usually  the 
uniformity  of  the  distribution  of  the  cows  continuously  fed  for  nearly 
eight  years  on  a  low  protein  diet  among  the  several  groups  is  significant 
as  negative  evidence. 

Even  less  correlation  between  protein  ingestion  and  the  thick- 
ness of  skin  is  observed  if,  discarding  the  new  comers,  only  those 
records  are  taken  irito  account  which  were  made  by  cows  that  had  been 
continuously  fed  on  a  single  diet  for  the  entire  period  of  eight  years. 


>  Loc.  cit.,  pp.  173-177. 
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Low  protein:  Thick  29%;  medium  36%;  thin  36%. 

Medium  protein:    Thick  25%;  medium  13%;  thin  62%. 
High  protein:         None  left 

In  four  cases  the  judges  agreed,  in  six  they  disagreed  and  in  one 
case  they  disagreed  profoundly.  So  far  as  the  charter  members  of  the 
herd  are  concerned,  those  cows  which  had  been  at  work  since  the  be- 
ginning of  the  experiment  eight  years  before,  it  would  appear  that 
those  fed  a  low  protein  diet  were  quite  evenly  distributed  among  the 
three  groups  as  classified  by  their  skin  texture  and  that,  as  compared 
with  those  fed  a  medium  protein  ration,  they  were  not  conspicuous  for 
their  thinness  of  skin ;  indeed,  if  anything,  the  reverse  was  true.  None 
of  the  original  high  protein  cows  were  left  at  this  time.  In  short,  it 
does  not  appear  from  the  foregoing  tables  that  cows  fed  a  low  protein 
ration  were  thinner  of  skin  than  those  fed  a  higher  protein  ration. 

The  cows  were  then  brought  before  the  judges  in  pairs,  in  order  to 
give  still  further  opportunity  for  classification.  Each  judge  was  re- 
quested to  decide  in  each  case  which  of  the  two  animals  then  before 
him  had  the  thicker  skin.  The  cows  which  had  received  a  low  protein 
diet  were  first  paired  off  against  those  which  had  been  fed  the  medium 
protein  ration ;  then  the  latter  against  their  associates  which  had 
eaten  a  high  protein  ration ;  and,  finally,  the  cows  fed  low  protein  were 
pitted  against  those  fed  high  protein  rations.  The  results  follow,  the 
cow  whose  name  is  italicized  being  held  to  have  the  thicker  skin  of 
the  two : 


Low 

Medium 

Medium 

HlRh 

liOW 

HifTh 

protein 

protein 

protein 

protein 

protein 

protein 

Sheila 

Angie 

Angie 

Beatrice 

Sheila 

Beatrice 

Ardelle 

Rocket 

Rocket 

Electa 

Ardelle 

Electa 

Fyra 

Elbaje 

Elbaje 

Phoebe 

Tyra 

Phoebe 

Grace 

Isadore 

Isadore 

Hepsy 

Grace 

Hepsy 

Mob 

Karah 

Karah 

Vic 

Mab 

Vic 

Vt  Aster 

Yt.  Ivia 

Vt.  Ivi8 

Vt  Peony 

Vt.  Aster 

Vt,  Peony 

Bontje 

Altje 

Ryllis 

Fizzy 

Evelyn 

Dell  R. 

Evelyn 

Lanta  2nd 

Lanta  2nd 

Dell  R. 

Effa 

Netbit 

Effa 

Mary 

Mary 

NesbU 

Lanta  2nd 

Dell  R. 

In  the  first  instance,  five  of  nine,  in  the  second,  seven  of  nine, 
and  in  the  third,  six  of  nine  comparisons  tally  with  the  independent 
observations  previously  made.  For  example,  Ardelle's  skin  was  classi- 
fied as  medium  to  thick.  Rocket's  as  thin ;  and  when  directly  compared 
the  former's  skin  was  deemed  to  be  thicker. 

In  nine  cases,  the  hides  of  the  competing  animals  had  been  classi- 
fied in  the  same  group  in  the  previous  examination. 
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In  the  first  instance,  the  cows  fed  the  larger  amount  of  protein 
seemed  to  have  thicker  skins  in  six  cases  and  thinner  skins  in  four  cases. 
There  is  certainly  little  evidence  here  indicating  correlation  between  the 
amount  of  protein  fed  and  the  thickness  of  the  skin.  If  one  were  to 
feed  10  pairs  of  cows  exactly  the  same  ration,  the  comparison  could  not 
be  more  equally  divided. 

Furthermore,  limiting  the  comparison  solely  to  those  animals  which 
had  been  upon  experiment  for  eight  years  (the  first,  second,  third  and 
seventh  pairs),  it  appears  that  in  two  cases  the  cows  fed  the  medium 
protein  ration  had  the  thicker  skins,  while  in  the  other  two  cases  the 
cows  fed  the  low  protein  ration  had  the  thicker  skins. 

In  the  second  instance,  in  five  out  of  nine  pairs  the  cows  fed  the 
high  protein  ration  wore  the  thicker  skin.  This  is  as  even  a  division 
as  could  possibly  exist.    Again  no  correlation  appears. 

In  the  third  case,  in  seven  out  of  nine  cases  the  cows  fed  the  high 
protein  ration  had  the  thicker  skins.  This  would  appear  to  constitute 
fairly  consistent  evidence  in  favor  of  the  proposition  that  the  cows  fed 
the*,  higher  protein  ration  might  be  expected  to  have  thicker  skins. 
However,  the  possible  influence  of  the  difference  in  age  of  the  two 
groups  should  not  be  forgotten.  As  has  already  been  stated,  all  the 
original  high  protein  cows  had  fallen  out  and  their  places  were  filled 
from  time  to  time  with  younger  animals.  As  has  been  previously 
said — ^and  is  here  repeated  lest  misunderstanding  arise — ^these  removals 
do  not  seem  to  bear  relation  to  the  nature  of  the  ration  which  was  fed. 
Accidents  and  other  troubles  not  properly  chargeable  to  the  feed  were 
largely  responsible  for  the  depletion  of  the  high  protein  group  (see 
page  70).  In  this  particular  classification -the  first  six  animals  of  the 
low  protein  group  were  the  old  cows  tfiat  started  with  the  experiment ; 
and  in  every  case  their  hides  were  deemed  to  be  thinner  than  those 
which  clad  their  younger  sisters  fed  the  more  proteinous  ration. 

Combining  all  the  results  as  displayed  in  these  three  comparisons,  it 
appears  that  in  18  of  the  28  pairs  the  cows  fed  the  higher  protein  ration 
possessed  the  thicker  skins.  This  result,  is  certainly  not  conclusive 
enough  to  warrant  dogmatic  assertion  as  to  correlation. 

HAIR,  UDDER,   MUCOUS  MEMBRANES 

One  judge  classified  the  cows  according  to  the  texture  of  the  hair, 
the  correctness  of  type  of  the  udder  and  the  color  of  the  mucous  mem- 
branes of  the  eye,  nose,  etc.,  with  results  as  follows : 
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Low 
protein 

Medium 
protein 

High 
protein 

Low 
protein 

Medium 
protein 

High 
protein 

Hair 

Udder 

Mucous  nr 

Fine 

...   45 

20 

33 

Good  . . 

33     40 

22 

Red    

Medium 

...22 

40 

45 

Medium 

...22     40 

11 

Medium   . . . 

Coarse  . . 

, .  .  .    oS 

40 

22 

Poor    . . , 

....45     20 

67 

Pale 

>■»■»  'O*^    Tl** 

go  ©  O  ifo 

»2q.  ^  q,  Sa 
lembranes 

30  30     41 

33  30     33 

37  40     26 


Hair.     No  correlation  appears. 

Udder.     No  correlation  appears.     The  udders  of  several  of  the 
cows  fed  low  and  high  protein  rations  were  inferior. 
Mucous  membranes.     No'correlation  appears. 


FINAL    COMPARISON    BY    PAIRS 

Finally,  the  cows  were  again  brought  before  the  judges  in  pairs. 
Each  judge  was  requested  to  take  into  account  all  possible  factors  re- 
lating to  the  physical  condition  of  the  animals  and  then  to  state  which 
one  of  the  pair  in  his  opinion  had  received  the  higher  protein  ration. 
The  cows  which  had  eaten  the  low  protein  were  first  paired  off  against 
those  fed  the  medium  protein  ration,  then  the  latter  against  the  cows 
fed  the  high  protein  ration,  and,  finally,  the  first  named  against  the  last 
named.     The  results  follow : 


Low  protein 

1    Sbeila  

6  Ardelle 

7  Fyra    

12  Grace    

13  Mab  ........ 


Medium  protein 

2  Angle 

5  Rocket    

8  Elbaje 

11  Isadore  

14  Karah 

17  Vermont  Ivls  . . 


18  Vt.  Aster  

22  Bontje 21    Altje   

23  Evelyn    24    Lanta  2nd 

28  Effa 27  .  Mary 

29  Lanta    24     Lanta  2nd 


2 
5 


Medium  protein 

Angle    

Rocket    

8    Elbaje 

11    Isadore  

14    Karah 

17    Vermont  Ivls . . 

19    Ryllls   

24    Lanta  2nd 

27    Mary 


Low  protein 

1     Sheila 

6  Ardelle 

7  Fyra   

12  Grace 

13  Mab 

18  Vt.  Aster  . . . 

23     Evelyn    

28  Effa 

29  Lanta   


3 
4 
9 
10 
15, 
16 
20 
25 
26 


3 
4 
9 
10 
15 
IG 
25 
26 
25 


Hig^h  protein 

Beatrice  

Electa 

Phoebe  

Hepsy  

Vic 

Vermont  Peony . . . 

Plzzy 

Dell  R 

Nesblt 


High  protein 

Beatrice  

Electa 

Phoebe   

Hepsy  

Vic 

Vermont  Peony. . . 

Dell  R 

Nesblt 

Dell  R 


right 

wrong 

right 

wrong 

right 

right 

right 

no  choice 

wrong 

overlooked 


no  choice 

right 

right 

no  choice 

right 

no  choice 

no  choice 

no  choice 

right 


no  choice 

right 

no  choice 

no  choice 

right 

no  choice 

no  choice 

right 

overlooked 


2 

right 

right 

right 

right 

wrong 

right 

right 

wrong 

wrong 

wrong 


wrong 

wrong 

no  choice 

right 

wrong 

wrong 

right 

right 

wrong 

2 

right 

wrong 

wrong 

right 

wrong 

right 

right 

wrong 

right 
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Totalling  these  results,  it  appears  that  one  judge  placed  12  pairs 
correctly,  could  detect  no  differences  in  1 1  cases  and  was  wrong  in  his 
judgment  three  times  in  26;  and  that  the  other  judge  placed  14  pairs 
correctly,  13  pairs  incorrectly,  stating  in  two  instances  that  the  choice 
was  a  narrow  one,  and  in  one  case  could  make  no  choice. 

Summing  up  all  the  evidence  secured  in  this  second  physical  ex- 
amination, it  would  certainly  appear  that  little  if  any  correlation  was 
observed  between  the  amount  of  protein  fed  and  the  physical  condition 
of  the  animal.  When  an  expert  judge  can  pick  out  the  cows  fed  the 
higher  protein  ration  in  but  12  out  of  26  pairs  brought  before  him  for 
comparison  and  another  expert  judge  but  14  pairs  out  of  28,  it  <:ertainly 
would  appear  that  the  variations  in  protein  rationing  in  these  particular 
trials  were  not  important  factors  in  the  maintenance  of  the  physical 
condition  of  the  cows. 


The  1916  Examination 

The  two  previous  examinations  revealed  no  distinct  differences  in 
the  physical  condition  of  the  cows  fed  the  low,  medium  and  high  pro- 
tein  rations.  A  still  lower  protein  ration  was  introduced  into  the 
trials  in  October,  1914.  Hence  it  was  deemed  advisable  to  examine 
the  cows  a  third  time  before  turning  them  to  pasture.  It  is  fair  to 
expect  after  cows  have  been  on  pasture  for  a  time,  even  on  so  very 
scanty  a  pasture  as  that  available  on  the  University  farm,  that  there 
may  be  a  tendency  manifested  in  the  direction  of  overcoming  to  some 
extent  the  depressing  effects,  if  any  such  there  be,  which  may  be 
wrought  by  insufficient  or  ill-balanced  rations. 

The  following  cows  were  examined : 


1 

2 
3 
4 
5 
6 
7 


Very  low  protein  ration 

Years  In  test 


Granny    . 
Katydid  . 
Phoebe  . . . 
Rena  .... 
Ryllis  ... 

Vic    

Vt.  Peony 


1  year,    8  months 


1 
1 
1 

1 

1 


i< 


«« 


<< 


tt 


8 
8 
1 

11 
3 
3 


8 
9 
10 
11 
12 
13 
14 
15 


Low  protein  ration 

Tears  in  test 
Ardelle 9  years,  10  months 


Grace   9 

Effa 3 

Lanta 6 

Karah 1 

Kinky    1 

Dot   2 

Evelyn 4 


tt 


tt 


tt 


tt 


tt 


tt 


tt 


10 
4 

11 
5 
8 
6 
8 


tt 


tt 


tt 


tt 


It 


tt 


tt 
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16  Isadore  . . . 

17  Lanta  2iid. 

18  Mary 

19  Vinegar   . . 


Medium  protein  ration 

Years  in  test 
years,    1  month. 
2  months 
6  months 
2  months 


4 
4 
4 

1 


i< 


(( 


<« 


High  protein  ration 

Years  in  test 

20  Hepsy 4  years 

21  Fizzy  .......  3     "  1  month 

22  Dell  R 3     "  6  months 

23  Nesblt 3     "        10  months 

24  Augusta  ...  1  year 


GENERAL  APPEARANCE 


In  judging  the  general  appearance  of  the  cows,  condition,  thrift 
and  other  external  factors  making  up  a  well  nourisjied  animal  were 
considered.  The  following  table  sets  forth  the  results  of  the  separate 
placing  by  the  four  judges : 


ood 
iedium 

1 

ood 

iedium 

oor 

-o 

a 

1     § 

1 

edium 

0    S 

^ 

0    S    A. 

c 

^    di 

o 

S  cu 

Very  low 

Low 

Medium 

High 

Granny        3    1 

Ardelle 

2     2.. 

Isadore 

1 

2    1 

Augusta 

•  • 

2     2 

Katydid       1    3 

Dot 

3     1.. 

Lanta  2nd 

3 

1  .. 

Dell  R. 

3 

1   .. 

Phoebe        3    1 

Effa 

..2     2 

Mary 

•  • 

4  .. 

Fizzy 

4 

.  •    • . 

Rena            2    2 

Evelyn 

1   ..     3 

Vinegar 

•  • 

2     2 

Hepsy 

1 

3   .. 

RylUs           4  .. 

Grace 

..13 

Nesblt 

•  ■ 

..     4 

Vt.  Peony  . .     3 

i 

Karah 

12     1 

Vic               2    1 

1 

Kinky 
Lanta 

^      •  •       •   « 

112 

• 

Total      15  11 

2 

12     9  11 

4 

9     3 

8 

6     6 

Total  %  54  39 

7 

38  28  34 

25 

56  19 

40 

30  30 

These  data  should  be  considered  in  connection  with  a  statement 
as  to  the  length  of  time  of  feeding  on  these  several  rations,  which  were, 
on  the  average,  very  low  protein  ration  1^  years;  low  protein  ration 
4%  years;  medium  protein  ration  3J4  years;  high  protein  ration  2% 
years.  Now,  while  there  is  no  very  marked  trend  in  any  direction,  the 
cows  fed  the  very  low  ration  as  a  class  looked  distinctly  better  to  the 
judges  than  the  others,  but  they  had  been  fed  this  ration  for  a  rela- 
tively short  time  and  they  were,  moreover,  as  a  whole  a  younger  lot  of 
cows  than  their  competitors,  the  average  approximate  ages  being :  very 
low  protein  ration,  7  years ;  low  protein  ration,  lO^years ;  medium  pro- 
tein ration,  8  years ;  high  protein  ration,  9  years.  There  does  not  seem 
to  be  any  pronounced  effect  upon  general  condition  which  justly  may 
be  ascribed  to  the  nature  of  the  feeding. 


THICKNESS  OF  SKIN 


The  thickness  of  the  skin  was  studied  by  manual  manipulation 
and  by  actual  measurements  by  means  of  calipers  applied  to  each  animal 
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at  the  last  rib  half  way  down  the  body,  the  skin  being  pulled  up  and  a 
piece  of  iron  pressed  on  each  side  back  of  the  fold.  The  results 
secured  by  the  two  methods  of  comparison  are  presented  in  the  follow- 
ing tables : 


1 

1  Thick 
Medium 

2 

^  Thick 

Medium 
Thin 

o 
Medium 

c 
2 

Thick 

Medium 

Thin 

Granny      . .     4 
Katydid     . .     3 
Phoebe       . .     2 
Rena  .       . .     4 
Ryllis         .... 
Vt  Peony  ..     4 
Vic               8    1 

.  • 
1 
2 

•  • 
4 

•  • 

•  • 

Ardelle 

Dot 

Effa 

Evelyn 

Grace 

Karah 

Kinky 

Lanta 

..13 

12     1 

..     3     1 

4      •  •       •  • 

•  •        4     •  • 

..13 

•    •         •    •            Tm 

3     1.. 

Isadore 
Lanta  2nd    3 
Mary            2 
Vinegar       4 

•  • 

1 
1 

•  • 

4 

. . 
1 

Augusta 
Dell  R. 
Fizzy 
Hepsy 
Nesbit 

2     2.. 

12    1 

..2    2 

4      •  •      •  • 

Total        3  18    7 
Total  %  41  64  25 

8  12  12 
25  38  37 

9 
66 

2 
13 

5 
31 

11     6     3 
55  30  15 

Thick  27-64  to  84-64 

Medium  24-64  to  26-64 

Thin  20-64 

to  23-64 

6     Vic 

17    Lanta  2nd  . . 
19    Vinegar  .... 
It    T4intft 

27-64 
28-64 

30-64 
32-64 
34-64 

13 

7 

4 

9 

14 

22 

24 

1 

3 

18 

10 

Kinky   . 
Vermont 
Rena  . . . 
Grace  . . 

Peony 

24-64 
<i 

« 

«( 

25-64 
« 

26-64 
«< 

<« 

8 

12 
21 

5 
16 

2 

Ardelle   . 
Karah   .. 
Fizzy  ... 
Ryllis  . . . 
Isadore   . 
Katydid  . 

....     20-64 
! ! ! !     22-64 

23    Nesbit  

20    Hepsy   

16    Evelyn 

Dot   

Dell  R.  . 

tt 

Augusta 
Granny 
Phoebe  . . 
Mary   ... 
Effa    . . . 

»•••••• 

" 

The  two  summaries  are  quite  concordant.  It  seems  reasonably 
clear  that  the  hides  of  the  cows  which  were  fed  the  larger  amounts  of 
protein  tended  to  be  somewhat  thicker  than  those  fed  the  lesser  amounts, 
although  the  differences  in  the  ages  and  lengths  of  time  which  the  cows 
had  been  fed  their  respective  rations  should  be  borne  in  mind.  Certain 
it  is  that  these  results  do  not  in  the  least  bear  out  the  contention  of  those 
who  claim  to  be  able  to  tell  the  cows  fed  a  relatively  proteinous  ration 
from  those  fed  a  relatively  wide  ration  by  the  comparative  thinness  of 
the  skin  of  the  former. 


TEXTURE  OF  HAIR 


Careful  note  was  taken  as  to  the  texture  and  condition  of  the  hair. 
The  placements  were  as  follows : 
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• 

1 

1 « 

B 

s 

S 

3 

s 

Fine 
Medi 

u 
a 
o 
U 

Fine 
Medi 
Coar 

G 
fa 

g 

c 

fa 

•5 

g 

Very 

low 

Low 

Medium 

Higl] 

I 

Granny 

1     3 

•   • 

Ardelle 

..2     2.. 

Isadore        3 

1 

•     • 

Augusta 

•    » 

3 

1 

Katydid 

1     2 

1 

Dot 

12     1 

Lanta  2nd    1 

3 

•     • 

Dell  R. 

3 

1 

•  • 

Phoebe 

2     2 

•   ■ 

Effa 

■   •          ^      •   • 

Mary 

2 

2 

Fizzy 

2 

2 

•  • 

Rena. . 

2     2 

•   • 

Evelyn 

..13 

Vinegar       1 

3 

•  • 

Hepsy 

•  • 

4 

•  • 

Ryllis 

2     2 

•   • 

Grace 

..3     1 

Nesbit 

1 

•   • 

3 

Vt.  Peony 

..     3 

1 

Karah 

12     1 

Vic 

3     1 

•   • 

Kinky 
Ijanta 

3     1.. 
..13 

0 

Total 

11  15 

2 

7  16     9 

5 

9 

2 

6 

10 

4 

Total  % 

39  54 

7 

22  50  28 

31 

56 

13 

30 

50 

20 

The  summary  seems  to  indicate  that  heavy  feeding  with  protein 
does  not  necessarily  tend  to  produce  a  finer  quaHty  of  hair  and  that  on 
the  other  hand  a  low  protein  ration  does  not  necessarily  tfend  to  pro- 
duce coarse  hair.  However,  since  hair  is  a  modified  skin  structure  and 
highly  nitrogenous  in  its  nature  and  since  the  coarser  the  hair  the  more 
the  nitrogen,  the  data  secured  with  the  cows  fed  the  very  low  protein 
ration  seems  a  bit  significant.  Of  old  it  was  said  that  bricks  could  not 
be  made  successfully  without  straw ;  and  these  cows  fed  the  very  low 
protein  ration  were  not  abundantly  supplied  with  the  wherewithal  to 
construct  a  heavy  hirsute  covering.  On  the  other  hand,  it  should  be 
remembered  that  this  lot  as  a  whole  was  somewhat  younger  than  the 
others.  Over  half  of  the  cows  of  all  groups  fell  within  the  medium 
class. 

MUCOUS   MEMBRANES 

An  examination  of  the  mucous  membranes  of  the  various  cattle 
Resulted  in  the  following  placement  by  two  of  the  judges 


04 

#4 

4 

a 

■2    1 

9 

O 

0) 

"3 

■s 

o 

Qi     Z 

04 

« 

Z 

^ 

K 

Z 

^ 

« 

Z 

•» 
M 

Very  low 

Low 

Medium 

Hlgrh 

Granny        2  .. 

•  • 

Ardelle 

•  ■ 

2 

•  • 

Isadore 

2 

m    m 

Augusta 

■  • 

m    m 

2 

Katydid     . .     2 

•    • 

Dot 

■  • 

2 

•  • 

Lanta  2nd  .. 

2 

•    • 

Dell  R. 

•   • 

•    ■ 

2 

Phoebe        2  .. 

•    • 

Effa 

•  • 

•  • 

2 

Mary 

•   • 

2 

Fizzy 

•  • 

•    • 

2 

Rena          . .   . . 

2 

Evelyn 

2 

•  ■ 

•  ■ 

Vinegar 

2 

.  • 

Hepsy 

•  • 

2 

■  • 

Ryllis         . .     2 

•   • 

Grace 

■  • 

2 

■  • 

Nesbit 

1 

1 

•  ■ 

Vt.  Peony  . .     1 

1 

Karah 

•  • 

2 

*  • 

• 

Vic             ..   .. 

2 

Kinky 
Lanta 

2 

•  • 

•  • 

•  • 

■  ■ 

2 

Total        4    5 

5 

4 

8 

4 

0 

6 

2 

1 

3 

6 

Total  %  28  36 

36 

25 

50 

25 

0 

75 

25 

10 

30 

60 
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The  results  would  seem  to  indicate  that  cows  getting  the  lower 
protein  rations  as  a  whole  had  highly  colored  mucous  membranes, 
whereas  the  membranes  of  those  cows  getting  the  larger  amounts  were, 
as  a  whole,  more  pale  than  red.  This  fact  might  be  accounted  for 
physiologically,  however,  in  view  of  the  fact  that  the  herd  is  infected 
with  granular  vaginitis.  This  particular  observation  probably  has  little 
value. 

BODY  TEMPERATURES 

9 

It  was  suggested  that  comparisons  might  be  made  to  advantage  of 
body  surface  temperatures,  as  noted  by  the  hand  passing  over  the  skin, 
with  an  average  of  36-hour  internal  temperatures.  The  latter  data 
were  arbitrarily  classified  as:  warm  102-101.5;  medium  101.4-101.2; 
cool  101.1-100.9.     The  results  are  displayed  in  tabular  form  as  follows : 


Granny  . 
Katydid  . 
Phoebe    . 

Rena 

RyUis  ... 
Vt.  Peony 
Vic    


S 
Very  Low 


B 
p 

« 

1^ 


4 
3 
1 


2 
4 

I  ■ 

1 
3 
4 


o 

o 
O 


ssi 

op 

101.4 

101.1 

101.2 

101.3 

103 

101.8 

101.1 


Ardelle 
Dot  . . . 
Effa  .. 
Evelyn 
Grace  . 
Karah  . 
Kinky  . 
Lanta  . 


Low 


3 

1 


B 


1 
1 

2 
2 
3 
3 


o 

o 


2 
2 
2 
1 
1 


2 

?rt2 

op 

101.1 

101.8 

101 

100.9 

101.1 

101.3 

101.4 

101.2 


Totals    

Totals  % . . . 


11     14      3     101.43 
39     50     11 


8     14     10 
25     44     31 


101.23 


S 

etf 

& 

Medium 

Isadore    

Lanta  2nd 1 

Mary    

Vinegar  

Totals  .  .• 1 

Totals  % 6 


B 


2 

1 
2 
1 


o 
o 


0) 

rt  *  ^ 


^B^ 


•p. 

2  101.2 

2  101.4 

2  100.9 

3  101.3 


6       9     101.2 
38     66 


S  .2 

5  ?  1 

6  S  6 

High 

Augusta 1  3 

Dell  R 1  3  . . 

Fizzy    ;     . .  4  . . 

Hepsy    12  1 

Nesbit    3  ..  1 

5  10  5 

25  50  25 


2 

•P. 

101.4 
101.3 
101.1 
101.1 
100.9 


101.16 


As  judged  by  manual  observation  the  cows  fed  the  lower  protein 
rations,  and  especially  those  fed  the  very  low  one,  displayed  somewhat 
higher  body  temperatures  than  did  those  fed  the  narrower  rations.  This 
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was  evident  not  only  as  a  result  of  personal  judgment,  but  was  testified 
by  the  thermometer.  The  cows  fed  the  very  wide  ration  were  rela- 
tively a  warm  bunch  and  those  fed  the  narrow  one  relatively  a  cool 
proposition.  It  is  believed  among  cattle  feeders  that  cows  fed  a 
wide  ration,  as  compared  with  those  fed  narrow  rations,  tend  to  ex- 
hibit somewhat  higher  temperatures,  but  it  has  not  been  supposed  that 
this  effect  would  be  of  necessity  culminative  in  character;  nor  is  it  so 
claimed  in  this  case.  It  may  well  be  that  as  great  differences  might 
have  been  observed  as  between  cows  fed  on  comparable  rations  for  only 
a  short  time. 

PAIRING 

After  examining  the  cows  for  general  appearance,  thickness  of 
skin,  quality  of  hair,  surface  temperature  and  the  like,  they  were 
brought  before  the  judges  in  pairs  in  order  to  determine,  if  possible, 
what  differences,  if  any,  existed  between  cows  of  the  different  groups. 
Comparisons  were  made  between  the  very  low  and  low,  the  very  low 
and  medium,  the  very  low  and  high,  the  low  and  medium,  the  low  and 
high,  and  the  medium  and  high  groups.  These  pairs  were  made  up  at 
random  and  as  many  combinations  of  all  sorts  were  constructed  as 
possible.  In  making  their  choices,  the  judges  knew  nothing  whatso- 
ever as  to  which  of  the  two  animals  had  been  fed  the  ration  containing 
the  larger  amount  of  protein.  In  fact,  they  knew  very  little  regarding 
the  history  of  the  experiment,  other  than  its  bare  outline.  They  were 
asked  to  choose  in  each  case  the  cow  which  appeared  better  nourished 
and  which  seemed  to  be  physiologically  the  more  nearly  normal.  A 
summary  of  their  placings  follows,  arranged  in  the  order  in  which  the 
pairs  were  presented.  Only  three  judges  were  used  in  their  instance, 
for  one  of  the  four,  in  charge  of  the  trial,  was  naturally  well  ac- 
quainted with  the  history  of  each  cow. 

It  should  be  noted  in  this  connection  that  as  these  results  are  ex- 
pressed, the  words  "lower"  and  "higher"  are  used  in  a  different  sense 
than  elsewhere,  only  to  distinguish  between  the  two  cows  of  the  several 
pairs,  and  are  not  strictly  in  accordance  with  usage  in  other  parts  of 
this  bulletin.  Thus,  for  example,  in  the  first  comparison  "the  higher" 
fed  cow  was  Ardelle,  fed  a  low  protein  ration,  and  in  the  sixth  "the 
lower"  fed  cow  was  Isadore,  fed  a  medium  protein  ration. 
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The  lower  fed* 

The  higher  fed^ 

Deemed  to  be  the  better  nourished 

• 

By  Judge  1 

By  Judge  2 

,    By  Judge  3 

1 

Granny   (VLr) 

vs. 

8 

Ardelle  (L) . . . 

•Granny 

Granny 

Granny 

1 

Granny   (VL) 

vs. 

16 

Isadore  (M) . . 

.Granny 

Granny 

Granny 

1 

Granny    (VL) 

vs. 

20 

Hepey   (H)... 

.  Granny 

Granny 

Granny 

8 

Ardelle  (L) 

vs. 

16 

Isadore  (M) . . 

.Ardelle 

Isadore 

Ardelle 

8 

Ardelle  (L) 

vs. 

20 

Hepey   (H)... 

.Ardelle 

Hepsy 

Hepsy 

16 

Isadore   (M) 

vs. 

20 

Hepcy   (H),.. 

.Isadore 

Uepsy 

Hepsy 

2 

Katydid    (VL) 

vs. 

9 

Grace  (L) 

.Katydid 

Katydid 

Katydid 

2 

Katydid    (VL) 

vs. 

17 

Lanta  2nd  (M) 

.Lanta  2nd 

Lanta  2nd 

Lanta  2nd 

2 

Katydid    (VL) 

vs. 

21 

Fizzy  (H).... 

.Fizzy 

Fizzy 

Katydid 

9 

Grace   (L) 

vs. 

17 

T.anta  2nd  (M) 

.Lanta  2nd 

Lanta  2nd 

Lanta  2nd 

9 

Grace   (L) 

vs. 

21 

Fizzy  (H).... 

.Fizzy 

Fizzy 

Fizzy 

17 

TiantA  2nd  (M) 

vs. 

21 

Fizzy  (H).... 

.Fizzy 

Lanta  2nd 

Lanta  2nd 

3 

Phoebe    (VL) 
Phoebe    (VL) 

vs. 
vs. 

10 
18 

Effa  (L) 

•No  choice 
.Phoebe 

■  Phoebe 
Phoebe 

Phoebe 

3 

Mary  (M) . . . . 

Phoebe 

3 

Phoebe    (VL) 

vs. 

22 

Dell  R.   (H) . . 

.Dell  R. 

Dell  R. 

Dell  R. 

10 

Effa    (L) 

vs. 

18 

Mary   (M) 

.Effa 

Mary 

Mary 

10 

Effa    (L) 

VB. 

22 

Dell  R.   (H) . . 

.Dell  R. 

Dell  R. 

Dell  R. 

18 

Mary   (M) 

vs. 

22 

Dell  R.  (H) . . 

.Dell  R. 

Mary 

Mary 

4 

Rena  (VL) 

vs. 

11 

Lanta  (L) 

.Rena 

Lanta 

Rena 

4 

Rena    (VL) 

vs. 

19 

Vinegar  (M) . . 

.No  choice 

Rena 

Rena 

4 

Rena  (VL) 

vs. 

23 

Nesblt  (H)... 

.Rena 

Rena 

Rena 

11 

Lanta   (L) 

vs. 

19 

Vinegar  (M) . . 

.Vinegar 

Lanta 

Vinegar 

11 

TAnta   (L) 

vs. 

23 

Nesblt  (H)... 

.Lanta 

Lanta 

Lanta 

19 

Vinegar  (M) 

vs. 

23 

Nesblt  (M)... 

.  Vinegar 

Vinegar 

Vinegar 

5 

Ryllls    (VL) 

vs. 

12 

Karah  (L) 

.Ryllls 

Ryllls 

Ryllls 

6 

RylllB    (VL) 

vs. 

19 

Vinegar  (M) . . 

.Ryllls 

Ryllls 

Ryllls 

5 

Ryllls    (VL) 

vs. 

24 

Augusta    (H) . 

.Ryllls 

Ryllls 

Ryllls 

12 

Karah  (L) 

VB. 

19 

Vinegar  (M) . . 

.Vinegar 

Vinegar 

Vinegar 

12 

Karah  (L) 

vs. 

24 

Augusta   (H). 

.Karah 

Augusta 

Karah 

19 

Vinegar  (M) 

vs. 

24 

Augusta   (H). 

.Vinegar 

Vinegar 

Vinegar 

6 

Vic  (VL) 

VB. 

13 

Kinky    (L)... 

.Kinky 

Kinky 

Kinky 

6 

Vic  (VL) 

vs. 

18 

Mary  (M).... 

.Vic 

Mary 

Mary 

6 

Vic  (VL) 

vs. 

24 

Augusta    (H) . 

.Vic 

Augusta 

Augusta 

13 

Kinky  (L) 

vs. 

18 

Mary   (M) 

.Kinky 

Kinky 

Kinky 

13 

Kinky  (L) 
Mary  (M) 

vs. 

24 

Augusta    (U) . 

.Kinky 

Kinky 

Kinky 

18 

vs. 

24 

Augusta    (U) . 

.Mary 

Mary 

Biary 

14 

Dot  (L) 

vs. 

16 

Isadore  (M).. 

.Dot 

Dot 

Dot 

14 

Dot  (L) 

vs. 

22 

Dell  R.  (H) . . . 

.Dell  R. 

Dell  R. 

Dot 

16 

Isadore  (M) 

vs. 

22 

Dell  R.  (H) . . . 

.Dell  R. 

Dell  R. 

Dell  R. 

4 

Rena  (VL) 

vs. 

16 

Evelyn  (L)... 

.Rena 

Eveljm 

Rena 

19 

Vinegar  (M) 

vs. 

15 

Evelyn  (L)... 

.  Vinegar 

Evelyn 

Vlnegan 

22 

Dell  R.  (U) 

vs. 

15 

Evelyn  (L) . . . 

.Dell  R. 

Dell  R. 

Dell  R. 

Forty- two  comparisons  were  made.  The  cows  fed  the  lower  of 
the  two  rations  were  held  in  65,  in  57  and  in  55  percents  of  the  instances 
to  be  on  the  whole  the  better  nourished  and  physiologically  the  more 
nearly  normal.  It  is  the  view  of  the  judges  that  this  result  gets  no- 
where. They  believe  that  equally  great  differences  might  be  found  to 
exist  among  the  animals  in  any  herd  fed  a  uniform  ration. 

In  no  one  of  the  various  ways  in  which  this  problem  was  attacked 
in  the  third  examination  was  an)rthing  decidedly  indicative  discovered 


^This  phraseology  should  be  interpreted  to  imply  that  the  cow  whose  name 
occurs  to  the  left,  that  is  to  say.  In  the  left  hand  column  (i.  e..  1.  Granny)  was  fed 
a  ration  carrying  a  lower  digestible  protein  content  that  the  ration  which  was  fed 
to  the  cow  whose  name  occurs  to  the  right  of  the  pair,  that  is  to  say,  in  the  second 
column  (1.  e.,  8,  Ardelle). 
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tending  to  show  relationship  between  the  protein  content  of  the  ration 
and  the  continued  physical  well  being  of  the  cows. 

The  1917  Examination 

The  fourth  examination  was  conducted  on  May  24,  1917,  along 
lines  similar  to  those  employed  in  1916,  special  attention  being  given 
to  general  appearance,  thickness  of  skin,  quality  of  hair,  surface 
temperature,  color  of  mucous  membranes  and  judging  by  pairs,  in  the 
latter  instance  the  cattle  being  placed  in  line  without  regard  to  the 
ration  they  had  been  getting  and  numbered  consecutively.  The  judges 
had  only  a  general  idea  as  to  the  conduct  of  the  experiment  and  knew 
nothing  whatsoever  regarding  the  individuality  of  the  various  cows. 
The  following  statement  lists  the  cows  and  indicates  the  rations  they 
had  received  as  well  as  the  length  of  time  of  feeding. 

Very  low  protein  ration                                          Low   protein   ration 
1    Granny 2  years,    8  months         9    ArdeUe 10  years,  10  months 


2  Katydid   ...  2  "  8 

3  Phoebe 2  "  8 

4  Rena    2  "  1 

6    Ryms 1  "  11 

6  Vic    2  "  3 

7  Vt  Peony..  2  "  3 


10  Grace   10  "  10 

11  Effa    4  "  4 

12  Karah    ....  2  "  5 

13  Kinky 2  "  8 


(4 


Medium  protein  ration  High  protein  ration 

14  Isadore 5  years,    1  month  18  *  Fizzy    4  years,    1  month 

15  Lanta2nd..  4     "        11        "  19    Dell    R 4     "  5 

16  Mary    5     "  1        "  20    Nesbit    ....  4     "        10 

17  Vinegar  . . .  2     "  2        "  21    Augusta  . . .  2     " 

Dot,  Evelyn  and  Lanta  (low)  and  Hepsy  (high),  appearing  in 
1916,  had  been  withdrawn  or  were  for  other  reasons  unavailable.  The 
previous  methods  of  data  presentation  have  been  followed  in  the  present 
instance. 

GENERAL  APPEARANCE 

* 

The  three  judges  were  asked  to  express  themselves  as  to  the  gen- 
eral appearance  of  the  individual  animals,  with  results  which  may  be 
concretely  expressed  as  follows : 
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•«  1 

u 

•«  1 

u 

8  1 

g 

8  I 

s 

0   JS 

a< 

o  a 

^ 

Very  low 

Low 

Granny        2    1 

Ardelle        2  .. 

1 

Katydid       3  .. 

Effa            . .     3 

■    • 

Phoebe        3  .. 

Grace         . .     3 

•    • 

Rena            3  . . 

Karah         . .     2 

1 

Ryllis          3  .. 

Kinky          3  .. 

•    • 

Vt.  Peony    1    2 

Vic               1     2 

Total      16    5 

0 

5    8 

2 

Total  %  76  24 

0 

33  54 

13 

?  I  § 

o   a   PU 

Medium 

Isadore  . .  12 
Lanta  2nd  2  . .  1 
Mary  ..2    1 

Vinegar      ..12 


S 

3 


•d     2 


High 


Augusta 
Dell    R. 
Fizzy 
Nesbit 


1 
2 
2 


3 
1 
1 


2    4     6 
17  33  50 


2     5     5 
17  42  41 


Clearly  the  cows  fed  the  very  low  protein  ration  outclassed  their 
competitors  and  those  fed  the  low  protein  ration  were  easily  second. 
The  former  group  was  made  up  of  cows  distinctly  younger  than  the 
others ;  the  latter  of  older  cows. 


THICKNESS  OF  SKIN 


The  same  comparisons  as  were  made  in  previous  examinations 
were  instituted  as  to  the  hides,  with  the  following  results : 


B 

B 

B 

B 

M      9 

•5     X   "^ 

9 

'3 

c 

9 

a 

g  1  g 

g 

0)      £ 

§ 

9 

i 

V 
a 

& 

Very  low 

Low 

Medium 

,Higrh 

Granny             2    1 

Ardelle 

1     2 

Augusta 

2 

1 

«  • 

Katydid      . .   *. .     3 

Effa              2 

1.  .. 

Isadore  '     1 

1 

1 

Dell  R. 

•      • 

3 

•  ■ 

Phoebe       ..2    1 

Grace 

1     2 

Lanta  2nd    2 

1 

•   • 

Fizzy 

3 

•  • 

•  ■ 

Rena                 3  ... 

Karah 

3   .. 

Mary            2 

1 

•    • 

Nesbit 

3 

•  • 

•  • 

Ryllis         ..12 

Kinky 

1     2 

Vinegar       3 

•     • 

•    ■ 

Vt.  Peony  ..12 

Vic               2    1.. 

Total        2  10    9 

2 

7     6 

8 

3 

1 

8 

4 

0 

Total  %  10  48  42 

13 

47  40 

66 

25 

9 

67 

33 

0 

Here  again  the  very  low  ration  excells  as  compared  with  the 
others — so  be  it  a  relatively  thin  skin  is  desired;  and  the  low  ranks 
next.  The  cows  fed  the  most  protein  had  the  thicker  skins  and  those 
fed  the  lesser  amounts  the  thinner  skins;  and  this  is  just  what  might 
be  expected  physiologically. 


QUALITY   OF    HAIR 

The  quality  of  the  hair  was  studied  with  results  as  displayed  in  the 
following  table : 
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1 

gFine 
Medium 

£ 

O 

Fine 

Medium 

Coarse 

1 

1  Fine 
Medium 
Coarse 

c 
High 

Medium 
Course 

Granny        1  .. 
Katydid       2    1 
Phoebe        1    2 
Rena            3  . . 
Ryllis           1    2 
Vt.  Peony    1    2 
Vic               2    1 

2 

Ardelle        2    1  .. 
Effa             ..2    1 
Grace          ..2    1 
Karah         ..12 
Kinky          3  ..   .. 

Isadore      ....     3 
Lanta  2nd  1    2  .. 
Mary          ..     2    1 
Vinegar     ....     3 

Augusta 
Dell  R. 
Fizzy 
Nesbit 

..     8 
1    2 

..     3 
a    1 

Total       11    8 
TotAl  %  52  38 

2 
10 

6    6     4 
33  40  27 

14    7 
9  33  58 

0 
0 

3    9 
25  75 

These  results  are  entirely  in  accordance  with  those  shown  in  the 
last  table.  The  cows  fed  the  lower  protein  diets  proved  to  be  finer 
haired  than  those  fed  the  higher  protein  rations. 


SURFACE    TEMPERATURES 


Surface  temperatures  were  compared,  with  the  following  results: 


SURFACE  TEMPERATUBE 


P  Warm 
Medium 
Cool 

E 

u 

a 
Low 

B 

"'3 
1 

a 

B 
Medium 

Medium 
Cool 

] 

1 

High 

Medium 
Cool 

Granny        2    1  . . 
Katydid     ..     3  .. 
Phoebe        2  ..     1 
Rena            111 
Ryllis         ..12 
Vt.  Peony  2     1  .. 
Vic                2     1.. 

Ardelle        2 
Effa 

Grace         •  2 
Karah          1 
Kinky          2 

1 
2 
1 

•  • 

1 

•  • 

1 

•  • 

2 

•  • 

Isadore 
Lanta  2nd  . . 
Mary 
Vinegar 

1     2 

1     2 

..     3 

..     3 

Augusta 
Dell  R. 
Fizzy. 
Nesbit 

■  ■ 
1 
1 

■  • 

,.     3 

1    1 

1  1 

2  1 

Total        9     8     4 
Total  %  43  38  19 

7 
47 

5 
33 

3 
20 

0 
0 

2  10 
17  83 

2 

17 

4    6 
37  50 

Clearly  the  cows  fed  the  less  nitrogenous  rations  showed  as  a  class 
a  somewhat  warmer  temperature. 


MUCOUS   MEMBRANES 


The  hue  of  the  mucous  membranes  was  considered  and  the  results 
are  appended : 
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od 


&  I 


Very  low 

Granny  . .  3 

Katydid  1  2 . 

Phoebe  1  2 

Rena  1  2 

Ryllis  3  .. 

Vt  Paony  ..12 

Vic  ..  2  .. 

Total        7  12     2 
Total  %  33  57  10 


Low 


Ardelle 

Effa 

Grace 

Karah 

Kinky 


03 

Z     0^ 


1 
2 
2 
1 
2 


2 
1 


2     8  .5 
13  54  33 


0} 

fi-i     E  * 

C)          O  (rt 

ti   ^  £ 

Medium 

Isadore      . .     3  . . 

Lanta  2nd  . .     2  1 
Mary          ..12 

Vinegar       3  . .  . . 


3    6    3 
25  50  25 


HifiTh 


Augusta 
Dell   R. 
Fizzy 
Nesbit 


1 
3 


0) 


o 

z 


*   .        *   • 


1 
1 


3 

2 
1 


4     2     6 
33  17  50 


The  proportion  of  non-normality — the  writer  hardly  feels  justified 
in  using  the  word  abnormality — ^tends  to  increase  towards  the  right 
of  the  table.  Clearly  very  low  protein  consumption  has  not  injuriously 
affected  the  mucous  membranes. 

PAIRING 

The  cows  were  brought  out  in  pairs  as  in  previous  examinations 
and  the  judges  were  asked  to  select  in  each  instance  the  animal  thought 
to  be  in  the  better  state  of  nutrition,  and  at  the  same  time  to  express 
their  opinions  as  to  the  rations  fed  to  each.  The  following  tabular 
statement  sets  forth  the  results  as  to  judgment  in  respect  to  the  physical 
condition  of  the  animals,  the  guess^f  we  may  call  it  such — ^as  to  which 
cow  was  fed  which  ration  and  a  statement  as  to  accuracy  of  the  guess. 


The  Paira 


Name  and  ration  Age 

Granny   (VL)  6 

Vt  Peony  (VL)  9 

Phoebe  (VL)  8 

Rena  (VL)  7 

Katydid    (VL)  7 

Kinky    (L)  7 

Ardelle    (L)  14 

Katydid    (VL)  7 

Rena  (VL)  7 

Ryllis   (VL)      .  10 

Karah  (L)  7 

Grace  (L)  14 

Karah  (L)  7 

Vic    (VL)  7 

Grace  (L)  14 

Vt.  Peony  (VL)  9 

Effa    (L)  9 

Vic    (VL)  7 

Vic    (VL)  7 


Name  and  ration  Age 

Isadore   (M)  10 

Augusta  (H)  11 

Mary   (M)  9 

Dell  R.  (H)  8 

Lanta  2nd   (M)  9 

Dell  R.  (H)  8 

Augusta  (H)  11 

Augusta   (H)  11 

Vinegar    (M)  8 

Nesbit  (H)  9 

Isadore  (M)  10 

Vinegar    (M)  8 

Dell  R.  (H)  8 

Mary    (M)  9 

Mary    (M)  9 

Nesbit    (H)  9 

Isadore  (M)  10 

Den  R.   (H)  8 

Augusta   (H)  11 


Judge  I 
Choices 

Granny  ..  .L 
Vt.  Peony. L 
Phoebe   ...L 

Rena  L 

No  choice  . . 

Kinky L 

Ardelle  . . .  L 
Katydid    ..L 

Rena L 

Ryllis    L 

Isadore  . . .  L 

Grace    L 

Dell  R.   ...L 

Vic    L 

Grace    L 

Vt.   Peony. L 

Effa L 

Vic    L 

Vic    L 


Judge   II 
Choices 

Granny  . . .  L 
Vt.  Peony. L 
Phoebe   . . .  L 

Rena L 

Katydid    ..L 

Kinky L 

Ardelle  . . .  L 
Katydid    ..L 

Rena L 

Ryllis    L 

Karah L 

Grace    L 

Karah L 

Vic    L 

Grace    L 

Vt.  Peony. L 

Effa L 

Vic    L 

Vic    L 


Judge  III 
Choices 

Granny  . . H 
Vt  Peony. H 
Phoebe   . . .  L 

Rena    H 

Lanta  2nd  H 

Kinky L 

Ardelle  ..H 
Katydid    ..L 

Rena    H 

Ryllis  ....H 
Karah    . . .  H 

Grace   H 

,  Karah    . . .  H 

Mary L 

Grace    H 

Vt  Peony. H 

Effa  L 

Vic    H 

Vic    H 
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It  will  be  noted  that  in  15  of  the  19  comparisons  the  judges  were 
a  unit  in  their  placings  as  to  the  relative  physical  conditions  of  the 
animals  and  that  divergencies  occurred  only  in  four  cases.  It  should 
be  said  that  in  several  instances  the  choices  were  hard  to  make.  How- 
ever, when  it  came  to  expressing  opinions  as  to  the  relationships 
between  the  nature  of  the  rations  and  the  individual  animals,  the  judges 
varied.  Judge  II,  without  a  single  failure,  laid  his  hand  on  the  cow 
fed  the  lower  of  the  two  protein  rations  and  said  it  was  the  better 
nourished  animal.  Judge  I  made  two  mistakes,  and  in  one  case  said 
that  the  differences,  if  any,  were  too  slight  to  enable  him  to  hazard  an 
estimate.  In  16  cases  he  declared  that  the  cow  fed  the  lower  protein 
ration  was  the  better  nourished  of  the  two  animals.  Judge  III,  on  the 
other  hand,  made  14  mistakes ;  that  is  to  say,  while  chosing  the  better 
nourished  animal  in  17  of  the  19  instances,  he  gave  it  as  his  judgment 
that  his  choices  had  been  fed  the  narrower  rations  whereas  the  con- 
trary was  the  fact  in  14  instances.  Rephrasing  this  statement  in  an- 
other manner,  it  may  be  said  that  judges  I  and  II  agreed  as  to  which 
were  the  better  nourished  animals  and  felt  in  a  general  way  that  if 
any  relationship  whatsoever  existed  between  the  nature  of  the  ration 
fed  and  the  physical  well-being  of  the  animals,  the  cows  fed  the  low  or 
the  very  low  protein  rations  were,  as  judged  by  superficial  examina- 
tion, the  better  for  it  as  compared  with  those  fed  narrower  rations. 
On  the  contrary,  judge  III,  making  the  same  choices  as  did  his  asso- 
ciates, was  quite  at  sea  in  his  estimates  as  to  the  manner  of  the  feeding. 

The  age  factor  should  not  be  overlooked.  Fourteen  of  the  19 
cows  fed  the  lower  protein  ration  were  younger  than  those  with  which 
they  were  paired,  the  difference  in  age  averaging  two  years.  In  only 
three  cases  were  the  cows  whose  names  appear  in  the  left  hand  column 
of  the  table  materially  older  than  their  competitors.  They  were,  how- 
ever, their  years  to  the  contrary  notwithstanding,  deemed  to  be  better 
animals  than  their  pairmates. 

However,  the  outstanding  feature  of  this  particular  trial  is  this, 
that  these  three  expert  men,  whose  life  work  has  been  given  ov^r  to  the 
study  of  cattle  and  cattle  feeding,  did  not  find  that  the  physical  well- 
being  of  the  cows  had  been  injured  in  any  resf)ect  by  long  continued 
feeding  on  low  protein  rations,  extending  in  two  cases  for  more  than 
ten  years,  or  by  three  years  of  continuous  feeding  on  very  low  protein 
rations.     Surely  this  is  a  significant  outcome. 
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The  1918  Examination 

The  fifth  physical  examination  was  conducted  on  May  27,  1918, 
along  lines  similar  to  those  employed  in  the  third  and  fourth  surveys, 
particular  attention  being  paid  to  the  general  appearance,  to  the  thick- 
ness of  the  skin  and  to  the  quality  of  the  hair.  •  Two  of  the  five  judges 
had  not  heretofore  surveyed  the  herd;  the  other  three  had  looked  it 
over  once  or  twice  previously,  one  of  them  (Story)  being  acquainted 
with  the  animals  and  their  feeding. 

The  following  statement  lists  the  cows  and  indicates  the  rations 
they  had  received  as  well  as  the  length  of  time  of  feeding  the  ration  in 
question  at  the  time  when  the  examination  was  made  in  late  May,  1918. 

Very  low  protein  ration                                          Low   protein   ration 
Katydid  3  years,    8  months        Karah 3  years,  5  months 


Rena    3 


« 


8  months 

1 

11 

3 

3 

3 

Medium   protein   ration 


yj""*® '   ' '  3     "•        ^3        "  Isadore    6  years,  2  months 

Vt  Peony  . . . . . .   3      "  3         "  High  protein  ration 

Catrina  2nd 3     "  3        "  Fizzy 5  years,  1  month 

Nesbit    4     "      10 

Augusta 3     " 

* 

Since  the  1917  survey  was  made  a  large  share  of  the  cows  then 
at  work  for  one  reason  and  another  had  been  withdrawn,  as  set  forth 
below : 

Very  low  protein  ration.  Granny,  off  trial  1918,  barren ;  Phoebe, 
sold  June  24,  1917,  barren. 

Low  protein  ration.  Ardelle,  sold  February  6,  1918,  age;  Grace, 
sold  May  24.  1918,  age,  barren;  Effa,  sold  July  24,  1917,  barren; 
Kinky,  sold  February  1,  1918,  barren. 

Medium  protein  ration.  Lanta  2nd,  sold  July  24,  1917;  Mary, 
sold  July  24,  1917,  barren;  Vinegar,  died  January  29. 

High  protein  ration.     Dell  R.,  sold  August  3,  1917,  barren. 
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GENERAL  APPEARANCE 


The  five  judges  were  asked  to  express  themselves  as  to  the  gen- 
eral appearance  of  the  individual  animals.  Each  worked  independently, 
with  the  results  which  may  be  stated  in  condensed  form  as  follows : 


o    V 
9. 


o 
o 


Very  low 


Katydid   .... 

Rena 

Rynis   

Vic 

Vt  Peony  . . . 
Catrina  2nd  . 


1 
4 
4 
4 


4 

1 
1 


5    « 


Low 
Karah 1 


High 


4 

4 


1 
1 


Total 14  14     2 

Total  % 47  47    5 


2     2 
%  20  40  40 


Medium 

Isadore  1 


Fizzy  . . 
Nesbit  . 
Augusta 


■  ■  ■  •  •      •  • 


S 


2 
1 
1 


o 
o 

P4 


2 
4 

4 


Total 1    4  10 

Total  %....     6  27  67 


2    2 

% 20  40  40 

The  results  afforded  by  the  few  remaining  cows  are  striking. 
The  very  low  protein  fed  cows  looked  better  than  those  fed  the  highly 
proteinous  ration.  This  outcome  is  in  line  with  that  secured  in  the 
previous  survey.  It  should  be  remembered  again  that  the  very  low 
protein  fed  group  were  younger  cows  than  their  competitors. 


THICKNESS   OF   SKIN 


Comparisons  similar  to  those  made  in  previous  examinations  were 
instituted  as  to  the  thickness  of  the  hides,  with  results  as  follows : 


I 

Very  low 

Katydid    4 

Rena 4 

Ryllis   2 

Vic 11 

Vt.  Peony 2    3  . . 

Catrina   2nd 6 


1 
1 
3 
3 


B 

M      ^ 

Low 
Karah 1    4 

% 20  80 


High 

Fizzy 2 

Nesbit 5 

Augusta 3 


3 


3 

■    m 

2 


S 


Total 3  14  13 

Totel  %....  10  47  43 


Medium 
Isadore  3 


Total 10    5 

Total  % 67  33 


% 60  40 

The  cows  fed  the  less  proteinous  rations  possessed  the  thinner 
skins  and  those  fed  the  higher  rations  the  thicker  ones — ^as  might  be 
expected. 
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quality  of  hair 

The  quality  of  the  hair  of  the  animals  was  studied  with  results 
described  in  the  following  table : 


• 

Fine 

Medium 

Coarse 

6     0) 

9       u 

i   s 

Medi 
Coar 

Fine 
Medi 
Coar 

Very  low 

Low 

Hiffh 

Katydid   3    1    1 

Karah 

4     1 

Fizzy 

2     3.. 

Rena 3    2  .. 

— 

Nesblt 

12     2 

Ryllls   1    4  .. 

% 

80  20 

Augusta  

..2     3 

Vic 4    1  . . 

Vt.  Peony 2    2    1 

Catrlna  2nd  . .     4    1  . . 

Medium 



Isadore  

2     3 

_ 

Total 17  11    2 

— 

■ 

Total 

3     7     5 

Total  %....  57  37    6 

% 

40  60 

Total  %.... 

20  47  33 

The  outcome  is  quite  in  accordance  with  that  shown  in  the  pre- 
ceding table,  the  cows  fed  the  lower  protein  rations  being  finer  haired 
than  their  competitors. 


COMPARISONS 


When  it  came  to  the  attempting  to  say  what  ration  was  fed  to 
what  cow,  the  judges  were  much  at  sea.  One  of  them  (Story)  stood 
on  the  sidelines.    The  record  was  as  follows : 


A    

Correct 
8 

Next  to 
correct 

3 
1 
3 
3 

Wro 

B    

3 

7 

c    

5 

3 

D   

2 

6 

Judges  A  and  C  had  a  pretty  close  notion  as  to  who's  who  and 
what's  what,  whereas  judges  B  and  D  were  far  at  sea.  All  four  were 
good  judges  of  dairy  cattle,  but  the  members  of  the  former  group  were 
probably  somewhat  better  informed  than  were  their  associates  in  mat- 
ters of  animal  nutrition.  The  fact  that  so  many  of  the  low  and  medium 
protein  ration  cows  had  dropped  out  during  the  year  rendered  it  im- 
possible to  make  comparisons  by  pairs  which  had  heretofore  been  in- 
stituted. 

Two  of  the  judges  expressed  themselves  in  writing  as  follows : 

"It  is  difficult  to  draw  conclusions  from  the  results  of  this  1918 

survey  as  to  whether  or  not  cows  fed  very  low  amounts  of  protein  for 

several  years  will  always  remain  in  as  fine  a  condition  as  do  the  cows 

thus  fed  in  this  trial.     However,  it  is  certain  that  the  cows  which  ap- 
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peared  to  the  best  advantage  and  seemed  in  the  best  physical  condition 
in  the  1916,  1917  and  1918  surveys,  were  those  which  were  fed  rela- 
tively small  amounts  of  protein.  In  view  of  this  fact,  are  we  not  war- 
ranted in  drawing  the  conclusion  that  there  must  be  something  to  the 
belief  which  is  becoming  increasingly  prevalent  among  careful  students 
of  animal  nutrition,  that  the  long  continued  use  of  high  protein  rations 
is  almost  always  certain  to  cause  cows  to  become  unthrifty? 

I  feel  that  it  would  be  of  little  value  longer  to  continue  this  trial. 
Some  of  the  cows  which  have  been  fed  the  very  low  protein  ration  for 
more  than  three  and  a  half  years  show  no  evidence  of  breaking  down, 
although  losing  somewhat  in  weight." 

"A  marked  difference  was  observed  in  the  general  condition  of 
these  cows,  several  remaining  in  good  shape  and  retaining  their  vitality, 
health  and  productivity,  whereas  others  have  become  barren  and  un- 
productive. The  writer,  having  had  some  experience  in  feeding  high 
protein  rations  to  dairy  cows  and  noting  the  results,  was  especially 
interested  to  observe  that  the  cows  used  in  this  prolonged  trial  reacted 
in  much  the  same  manner  as  did  those  which  he  has  had  the  oppor- 
tunity of  having  under  observation  elsewhere.  In  his  judgment,  the 
use  of  high  protein  rations  tends,  almost  without  exception,  to  induce 
a  breaking  down  of  the  reproductive  system  and,  as  a  result,  to  bring 
about  a  complete  change  in  the  general  appearance  of  the  cow.  Cows 
thus  fed  become  staggy  in  their  appearance  and  unproductive,  whereas 
cows  fed  a  ration  carrying  a  lower  protein  content,  have,  as  a  rule, 
retained  their  strength,  vigor  and  productivity  for  long  periods. 

The  writer  believes  that  it  is  quite  evident  that  less  protein  can 
be  fed  to  advantage  than  has  been  advocated  in  the  past  and  the  dairy 
herd  kept  for  a  longer  period  in  good  physical  condition." 

The  upshot  of  this  final  survey  was  that,  aside  from  the  fact  that 
the  cows  fed  the  very  low  protein  ration  for  several  years  were  some- 
what more  spare  in  ilesh  as  a  result,  the  bodily  vigor  and  serviceability 
of  the  animals  did  not  seem  to  be  aflfected.  This  observation,  it  may 
be  remarked  parenthetically,  is  quite  in  line  with  those  made  in  the 
warring  countries  in  connection  with  the  bodily  well-being  of  their 
populations  fed  on  a  less  proteinous  diet  than  was  usually  eaten  before 
the  battle  flags  were  unfurled. 

The  1919  Examination 

Under  date  of  July  31,  1919,  the  station  animal  husbandman,  after 
having  carefully  examined  the  cows,  reported  as  follows: 
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Vermont  P^ony.— rContinued  on  very  low  protein  ration  53 
months;  7-11  years  old;  coat  somewhat  harsh;  condition  fair. 

Ryllis. — Continued  on  very  low  protein  ration  48  months;  8-12 
years  old ;  coat  somewhat  harsh ;  condition  fair. 

Katydid. — Continued  on  very  low  protein  ration  56  months;  5-9 
years  old ;  coat  harsh  and  tight ;  condition  quitfe  thin. 

Vermont  Una  2nd, — Continued  on  very  low  protein  ration  41 
months;  3-7  years  old;  coat  somewhat  harsh;  condition  somewhat 
thin  but  not  unthrifty. 

Rena  and  Vic, — Respectively  fed  continuously  for  50  and  52 
months  on  the  very  low  protein  rations  were  dropped  from  the  trial 
in  early  June  and  through  inadvertence  were  not  examined.  They 
were  in  good  condition  in  May,  1918. 

Alice, — Fed  alternately  by  lactations  the  low  and  the  very  low 
protein  rations  during  53  months;  4-8  years  old;  coat  fair;  condition 
good. 

He  stated  further  that  no  evidence  of  poor  nutrition  or  unthrifti- 
ness  was  visible,  with  the  possible  exception  of  Katydid,  who  was  quite 
thin ;  and  that  in  general  appearance,  condition  and  quality  these  cows 
might  have  been  mixed  with  the  regular  University  Farm  herd  with- 
out lowering  its  general  average  of  appearance.  In  this  connection  it 
should  be  remembered  that  every  other  cow  in  the  herd  ate  more  diges- 
tible protein  daily  than  did  the  five  animals  above  mentioned. 

Ryllis,  Vermont  Una  2nd  and  Alice  were  kept  on  a  somewhat  low 
protein  diet  for  two  years  longer. 

Ryllis  gave  approximately  2,700  pounds  of  milk  and  160  pounds 
of  fat  during  the  next  eight  months,  when  she  went  dry.  Calving 
again  in  September,  1920,  she  gave  about  12  pounds  of  milk  and  0.8 
pounds  of  fat  daily  for  a  dozen  or  more  weeks.  She  showed  no 
further  signs  of  going  down  hill  physically,  despite  five  and  a  half 
years  of  continued  feeding  on  the  low  protein  rations.  She  was  killed 
in  1921,  following  a  tuberculin  test. 

Vermont  Una  2nd  gave  about  3,000  pounds  of  milk  and  about  160 
pounds  of  fat  during  the  next  eight  months,  when  she  went  dry.  Calv- 
ing again  in  June  she  gave  about  1,400  pounds  of  milk  and  about  75 
pounds  of  fat  during  the  next  five  months.  She  showed  no  evidence 
of  further  deterioration  as  a  result  of  five  years  of  continued  feeding 
on  low  protein  rations.  She  was  in  good  condition  in  the  spring  of 
1922. 
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Alice  gave  a  rather  small  milk  flow  at  the  close  of  her  test  but 
calved  late  in  the  following  Xovember  and  daring  the  ensuing  12 
months  on  a  low  protein  diet  gave  4.284  poan«ds  of  milk  and  about  235 
pounds  of  fat.  She  was  continned  on  a  similar  diet  and  is  now — 
spring  of  1922 — in  good  physical  condition. 

General  Sciimasy  of  Sti:t>y  of  Physical  Effects 


IL*  **Tbe  cows  eating  daily  for  eight  years  a  medium  protein 
ration  possibly  appeared  to  better  advantage  than  those  fed  a  lower 
proiein  ration,  i  but  •  this  tendency  was  neither  distinct  nor  conclusive." 

IIL  **There  does  not  seem  to  be  any  pronounced  eflfect  which 
justly  may  be  ascribed  to  the  nature  of  the  feeding." 

TV.  **The  cows  fed  the  very  low  protein  ration  i  f or  three  years) 
outclassed  their  competitors  and  those  fed  the  low  protein  ration  were 
easily  second.  The  former  group  was  made  up  of  cows  which  were 
distinctly  3-ounger  than  the  others ;  the  latter  of  the  older  cows." 

V.  The  ver\-  low  procein  fed  cows  looked  bener  than  those  fed 
low  and  medium  amounts  and  the  latter  better  than  those  fed  the  highly 
proteinous  rations.  \  The  former)  were  yotmger  cows  than  their  com* 
petitors. 

THICKXESS  OF  SKIX 

I-     **Xothing  positive  can  be  said  as  to  the  resulis." 

IL  **The  result  is  certainly  not  conclusive  enough  to  warrant 
dogmatic  assertion  as  to  correlation." 

Ill-  **The  hides  of  the  cows  which  were  fed  the  larger  amounts 
of  protein  tended  to  be  somewhat  thicker  than  those  fed  the  lesser 
amounts." 

I\'.  ''The  cows  fed  the  most  protein  had  the  thicker  skins  and 
those  fed  the  lesser  amounts  the  thinner  skins," 

W  **The  cows  fed  the  less  proteinous  rations  possessed  the 
thinner  skins  and  those  fed  the  higher  rations  the  thicker  ones." 


*  Th«  Romaa  r.irr^^tml9  I  to  V  ref<»r  to  the  servrsl  pfcrslcal  exmminAtioiis  of 
I>13.  1Sp!4.  1*:<.  I-'IT  and  1^1  >,  nesp-exTtively.  aie  se^t  forLh  on  padres  T*  to  5C 
Tr.t-  statt-menis  in  this  pe-r-<rral  sunLrr.Ary  on  ih*  fwo  r*3Lp?s  fcV.o^nng  ane  qootatlOQs 
fr:n:  th»-  '.or^ts^r  s-*-eir.-rn*.s  pnev;:u5iy  ir-ade  :n  rh-e  full  discussion.  slistiUy  Taxied 
as  *o  their  7hra*e:I:ey  ir.  scaa*  ca5<es  for  purpcses  of  condessatioc :  ha>oe  the 
•i-otation  marks  ar:d  cer.ee  the  pancnihvs*^. 
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QUALITY  of  hair 


I.  "No  pronounced  and  pfositive  outcome  can  be  declared." 

II.  "No  correlation  appears." 

III.  "Heavy  feeding  with  protein  does  not  necessarily  produce 
a  finer  quality  of  hair  (nor  does)  a  low  protein  ration  necessarily  pro- 
duce coarse  hair." 

IV.  "The  cows  fed  the  lower  protein  diets  proved  to  be  finer 
haired  than  those  fed  the  higher  protein  rations." 

V.  "The  cows  fed  the  lower  protein  rations  (were)  finer  haired 
then  their  competitors." 

MUCOUS  membranes 

I.  "Little  light  can  be  gained  from  the  study  of  the  mucous  mem 
brane  figures." 

II.  "No  correlation  appears." 

III.  "The  cows  getting  the  lower  protein  rations  as  a  whole  had 
highly  colored  mucous  membranes,"  whereas-  the  reverse  was  true  of 
those  fed  the  narrower  rations.  Herd  infection  with  granular  vaginitis 
renders  the  observation  of  little  worth. 

IV.  "Clearly  very  low  protein  consumption  has  not  injuriously 
affected  the  mucous  membrane." 

surface  temperatures 

III.  "The  cows  fed  the  very  wide  ration  were  relatively  a  warm 
bunch  and  those  fed  the  narrow  one  relatively  a  cool  proposition." 

IV.  "Clearly  the  cows  fed  the  less  nitrogenous  rations  showed  as 
a  class  a  somewhat  warmer  temperature." 

direct  comparisons 

II.  A  little  less  than  one-half  the  guesses  as  to  which  was  which 
were  correct,  and  30  percent  were  wrong. 

III.  "It  is  the  view  of  the  judges  that  (the)  result  gets  nowhere." 

IV.  Two  judges  guessed  in  the  main  correctly,  one  incorrectly, 
and  all  three  agreed  as  to  the  relative  physical  condition  of  the  several 
cows. 

V.  "Judges  A  and  C  had  a  pretty  close  notion  as  to  who's  who 
and  what's  what,  whereas  judges  B  and  D  were  far  at  sea." 


100  Bulletin  225 


IN  GENERAL 


I.  "The  results  lead  nowhere."  "Neither  those  cows  fed  high 
nor  those  fed  low  protein  rations  seemed  to  have  suflFered  physically 
as  a  result"  (1913;  after  6j^  years'  feeding). 

II.  "Variations  in  protein  rationing  were  not  important  factors  in 
the  maintenance  of  the  physical  condition  of  the  cows"  (1914;  after  8 
years'  feeding). 

•  III.  Nothing  "decidedly  indicative  (was)  discovered  tending  to 
show  relationship  between  the  protein  content  of  the  ration  and  the 
continued  physical  well  being  of  the  cows"  (1916;  after — in  some 
cases — 9%  years'  feeding). 

IV.  "Experts  (could)  not  find  that  the  physical  well  being  of 
the  cows  had  been  injured  by  long  continued  feeding  on  low  protein 
rations,  extending  in  two  cases  for  more  than  10  years,  or  by  three 
years  of  continuous  feeding  on  very  low  protein  rations"  (1917). 

V.  "The  upshot  of  the  final  survey  was  that,  aside  from  the  fact 
that  the  cows  fed  the  very  low  protein  ration  for  several  years  were 
somewhat  more  spare  in  flesh  as  a  result,  their  bodily  vigor  and  service- 
ability did  not  seem  to  be  affected"  (1918). 

These  results,  secured  after  feeding  for  a  long  series  of  years, 
naturally  lead  one  to  query  whether  wide  rations  may  not  be  fed  to 
advantage  whenever  protein  concentrates  for  any  reason  rule  especially 
high  in  price,  or  to  dry  stock,  or  under  any  conditions  whatsover  when 
economy  in  feed  purchase  is  a  vital  factor.  Certain  it  is  if  the  results 
secured  in  this  long  drawn  out  trial,  which  the  writer  believes  is  one 
of  the  most  if  not  the  most  extensive  feeding  trial  with  milch  cows 
ever  carried  out  at  any  Station,  are  applicable  to  feeding  practice  else- 
where, and  he  firmly  believes  that  they  are,  it  is  safe  to  assume  that 
no  ill  effects  would  be  likely  to  follow  the  prolonged  use  of  far  wider 
rations  than  commonly  have  been  advised. 

(c)     Upon  the  Live  Weights 

Was  any  tendency  manifest  in  favor  of  either  of  the  rations  to 
increase  the  weight  of  the  cows?  Weights  were  taken  consistently 
for  three  successive  days  every  four  weeks.  The  usual  changes  oc- 
curred, the  younger  cows  increasing  somewhat  in  weight  as  they  became 
mature,  the  pregnant  animals  increasing  as  calving  approached  and 
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decreasing  after  calving.  A  careful  study  and  comparison  of  the  large 
number  of  weights  has  resulted  in  the  following  tabular  statement, 
which  shows  as  nearly  as  may  be  the  average  weights  of  each  cow 
during  each  milking  period.  The  weights  when  the  cows  were  dry . 
and  nearly  ready  to  calve  were  excluded  in  making  up  the  averages. 
The  animals  are  grouped  according  to  their  locations  in  the  trials. 
Each  weight  represents  a  lactation  average. 

It  should  be  said  that  the  records  of  the  mature  cows  only  were 
used  in  the  comparisons  cited  in  this  discussion,  whether  located  in 
the  long  continued  or  the  short  alternation  trials.  Of  course  the  young 
animals  gained  regardless  of  their  ration,  the  summation  being: 

To  lower  from  high,  106  gains,  10  losses,  20  unchanged. 

To  higher  from  lower,  104  gains,  6  losses,  18  unchanged. 

The  live  weights  of  the  cows  fed  in  the  short  alternation  trials 
are  not  printed.  Half  of  the  cows  were  young  animals,  increasing  in 
weight  regardless  of  ration  changes. 

Live  Weights  (Avebaoes  in  Each  Case  fob  a  Single  Lactation) 

I  n  III  IV    .        V  VI  VII  VIII 

Age  Wt.    Age  Wt.     Afire  Wt.    Age  Wt    Age  W*t    Age  Wt    Age  Wt.    Age   V7t. 
LONG   CONTINUOUS  FEEDING — LOW  PROTEIN   RATION 

Aggie    8  909  10  914  12  896  14  813 

Ardelle    4  683  6  746  6  775  7  773  8  813  9  801     10    799     11     800 

Aster  3  560  4  716  6  819  6  889  7  883  8  899 

Pyra    6  1086  7  1107  8  1115  9  1117  10  1152  11  1123 

Grace    4  875  5  905  6  964  7  948  8  965  9  971    10     972     11     918 

Mab    3  650  4  858  5  899  6  899  7  896  8  908      9     872    10     899 

Sheila    5  782  6  838  7  858  8  845  9  861  10  870     11    842     12     815 

Kinky    4  773  5  867  7  773 

LONG    CONTINUOUS   FEEDING — MEDIUM    PBOTEIN    BATION 

Angle  5  855  5  925   6  1039   7  1037   8  1040   9  1017  10  1060 

Elbaje  6  1160  7  1237   9  1250  10  1227  11  1206 

Isadore  6  910  7  886   8  872 

Karah  4  824  5  838 

L.  Hexham...  7  962  8  971   9  1039  111018  12  989 

Mattle  3  675  4  747   5  825   6  856 

Mu  7  892  8  852 

Rocket  3  791  4  885   5  988   6  1097   7  1089   8  1117   9  1107 

Ryllis  5  813  6  824   7  840 

Slicker  9  893  10  913  11  922  12  930  13  930 

Vt  IvlB 5  803  6  841 

Vt  Una 8  827  9  896  10     848     11     842     12    832 
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I  II  III  IV  V  VI  VII  VIII 

Age  Wt.    Age  Wt.     Age  Wt.    Age  Wt.    Age  Wt.    Age  Wt.    Age  Wt    Age    "Wt, 

LONG  CONTINUOUS  FEEDING — HIGH  PROTEIN  BATION 


Cassandra  ...  6  836 

Catrina  6  1044 

Gloedah  5 

Electa  4 

Fizzy 4 

Hepsy  6 

Hilda  6  905 

Madam  3 

Peggy  3 

Phoebe  3 

Rosel  11  1040 

Vt.  Peony 6  821 

Vic  11  802 

Yuba  8  1043 

Zeta  8  858 


7  1067   8  1110 


829 

5  837 

873 

926 

905 

7  938 

9  960 

658 

4  770 

5  866 

6  916 

706 

4  807 

5  799 

6  837 

960 

4  1030 

5  1033 

7  919 


13  1060  14  993  16  998 
6  833 

9  1028  10  1047  11  1036  12  1081  13  1028 

9  860  10  833  11  835  13  823  14  825 


LONG  CONTINUOUS  FEEDING — VERY   LOW  PROTEIN   RATIONS 


Granny  4  963 

Katydid  5  830 

Phoebe  6  1034 

Rena  4  789 

Ryllis  8  852 

Vt.  Peony 7  841 

•Vic 5  837 


5  902 

6  .  810  .  7  772   8  753   9  712  (2  mos.) 


7 
5 


995 

747 


6  762   7  750   8  744  (2  mos.) 


9  862  10  816  11  795 
8  799  9  812  10  796 
6  806   7  800   8  813 


LACTATION    ALTERNATION   FEEDING — LOW   AND    MEDIUM    PROTEIN    RATIONS 


Low 

Crystal    5    788 

Elizabeth    7    841 

Zillah    5    943 


Edith     . . 
Goldfinch 
Ladybird 
Laura  B 
Theta    . . 


Medium 

10  899 

6  832 

7  923 
5  863 
5  771 


Medium 

6  830 
8  830 
6  944 

Low 


Low  Medium  Low 

7  851  8  872  9  800 

9  877  10  862  11  890 

7  975  8  970  10  983 


Medium   Low 


Medium 


12  926  13  899 


7  846 

8  972 
6  857 
6  764 


9  885  10  917 

9  987  10  953  11 


Medium    Low 

10  857  11  859 
12  860  13  864 

11  1000  12  1006 


Low 


Medium 


Medium 

12  837 
14  837 

Low 


950  12  940  13  937 


LACTATION    ALTERNATION    FEEDING — LOW    AND    HIGH    PROTEIN    RATIONS 


Low 
Alta  ..'. 10  880 


High     Low 
11  864  12  913 


High     Low 
13  885  15  909 


High 


Low 


Cherry  

7  843 

9 

879 

10  932 

11 

897 

12  912 

13  921 

14  900 

Lena  

4  808 

5 

835 

7  859 

8 

860 

Vie  

6  867 

7 

954 

8  972 

9 

969 

10  981 

11  980 

Dot  

4  900 

5 

902 

6  932 

7 

948 

High 

] 

LfOW 

High 

Low 

High 

Low 

High 

Dewdrop  

7  824 

8 

838 

9  886 

11 

836 

12  785 

13  801 

14  817 

Hester  

6  860 

7 

896 

9  940 

10 

910 

Kate  

7  806 

8 

800 

9  866 

10 

849 

11  886 

12  874 

13  837 

Monetta  

6  872 

7 

809 

Santa  Rosa. . . 

8  917 

9 

924 

10  939 

11 

949 

12  966 

13  976 

High 


Lo^ 


14     82i 


J 
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I  II  III  IV  V  VI  VII  VIII 

Afire  Wt.    Age  Wt.     Age  Wt.    Age  Wt.    Age  Wt.    Age  Wt.    Age  Wt    Age    Wt. 

LACTATION  ALTERNATION  FEEDING MEDIUM  AND  HIGH  PBOTEIN  RATIONS 

Medium         High  Medium  High  Medium        High        Medium        High 

Avis 7     799  8     820  10     818  11     807  12     837     13     837     14     831 

Augusta    4    793  5    784  6     810  7     818  8     830 

Fatima    5     939  8     944 

Tansy    4    844  5     883  6     935  7     896  8     953      9     948     10    907 

Vinegar    4    837  5    862 

High  Medium  High  Medium  High  Medium  High        Medium 

Doris 6     856  7     895  9     932  10     913  11     939  12     967  13     951 

Mildred 4    732  5    805  6     861  7     856  8     870  9     863  10    807 

Perusia  Lady.     3    812  4    874 

LACTATION   ALTERNATION  FEEDING — ^VERY   LOW   AND   LOW   PROTEIN   RATIONS 

Very  low  Low  Very  low       Low 

Alice    5     856  6    790  7     789      8     792 

Very  low  Low 

Cherry    15     900  16    811 

Very  low  Very  low 

Janet    5     848  6     822 

^                           Low  Very  low  Very  low    Very  low    Very  low 

Vt.  Una  2nd..     »    788  4    761  5    742       6     733 

Very  low  Low  Low       Very  low        Low 

Catrina    2nd..     6     915  7     900  8     923       9     910    10     917 

Low  Low  Very  low 

Laura  B 8    868  9     840  11     770 

Very  low 
Monetta    10    835 

Very  low  Low  Low 

Theta    7    797      8    729      9     745 

# 

LONG  CONTINUOUS  FEEDING  ON  A  SINGLE  RATION 

What  was  the  effect  of  long  continued  feeding  on  a  very  low,  a 
low,  a  medium  or  a  high  protein  diet  ?  Postponing  for  the  time  being 
the  consideration  of  the  results  secured  with  the  very  low  protein  ration, 
it  may  be  said  that  the  cows  fed  a  low  protein  diet  tended  to  increase 
in  weight  until  nine  years  of  age,  slightly  to  fall  off  in  weight  when 
ten  years  old  and  decidedly  during  the  following  year.  The  cows  fed  a 
medium  protein  diet  similarly  increased  in  weight  until  their  ninth 
year,  fell  off  a  little  in  the  tenth  year  and  a  little  more  in  the  eleventh. 
The  cows  fed  a  high  protein  diet  lost  in  weight  from  their  seventh  year 
onwards,  save  as  indicated  by  the  sharp  peak  in  the  eleventh  year,  due 
to  the  abnormally  high  live  weight  of  one  cow  from  January  to  May, 
1912.  Apparently  a  low  protein  ration  fed  for  several  years  did  not 
induce  loss,  but,  rather,  a  gain  in  live  weight ;  and  such  loss  as  occurred 
after  the  cows  were  nine  years  of  age  was  not  greater  than  that  of 
cows  fed  medium  and  high  protein  rations  for  equally  long  periods. 
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lactation  alternation  feeding 

What  are  the  results  when  rations  differing  in  their  protein  con- 
tents are  fed  in  alternating  lactations?  Excluding  all  records  made 
when  the  cows  were  below  six  years  of  age  and  comparing  in  two 
ways,  namely,  averaging  lactation  averages  throughout  the  life  of  each 
cow  on  the  trial  for  each  ration,  and  comparing  a  lactation  average 
with  that  of  the  previous  lactation,  the  following  showing  is  made : 

1.  Nine  cows;  alternating  lactations  low  to  high  protein  ration 
and  back  again.  Larger  weight  on  high  protein  ration,  2 ;  on  low  pro- 
tein, 3 ;  no  difference,  4. 

Eight  cows;  alternating  lactations  low  to  medium  protein  ration 
and  back  again.  Larger  weight  on  medium  protein,  4;  on  low  pro- 
tein, 4. 

Five  cows;  alternating  lactations  medium  to  high  protein  ration 
and  back  again.  Larger  weight  on  high  protein,  1 ;  on  medium  pro- 
tein, 2;  no  difference,  2. 

Summary.  Increased  live  weight  on  the  wider  ration,  9;  on  the 
narrower  ration,  7 ;  indeterminate,  6. 

2.  When  chang;ing  from  a  low  protein  to  a  high  protein  ration. 
Gains  in  weight,  10;  losses  in  weight,  5;  no  change,  3. 

^lien  changing  from  a  high  protein  to  a  low  protein  ration.  Gains 
in  weight,  12 ;  losses  in  weight,  8. 

WTien  changing  from  a  low  protein  to  a  medium  protein  ration. 
Gains  in  weight,  5;  losses  in  weight,  8;  no  change,  2. 

When  changing  from  a  medium  protein  to  a  low  protein  ration. 
Gains  in  weight,  10;  losses  in  weight,  4;  no  change,  2. 

Wlien  changing  from  a  medium  protein  to  a  high  protein  ration. 
Gains  in  weight,  5 ;  losses  in  weight,  4 ;  no  change,  2. 

WHien  changing  from  a  high  protein  to  a  medium  protein  ration. 
Gains  in  weight,  5;  losses  in  weight,  5;  no  change,  1. 

Summary.  Increased  live  weights  on  changing  to  the  wider  ration. 
27;  lessened  live  weights  on  changing  to  the  wider  ration,  17;  no 
change  3.  Increased  live  weights  on  changing  to  the  narrower  ration, 
20;  lessened  live  weights  on  changing  to  the  narrower  ration,  17; 
no  change,  7. 

Either  way  the  data  are  viewed  the  wider  ration  on  the  whole 
seems  to  be  somewhat  the  better  and  the  narrower  ration  somewhat 
the  poorer  live-weight  maker. 
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SHORT  period  ALTERNATION   FEEDING 

What  results  were  secured  with  the  mature  cows  used  in  the  short 
alternation  tests ?^     The  results  may  be  summarized  as  follows: 

When  fed  a  low  protein  following  a  high  protein  ratipn.  Gains 
in  weight,  15;  losses  in  weight,  29;  no  change,  11. 

When  fed  a  high  protein  following  a  low  protein  ration.  Gains 
in  weight,  31 ;  losses  in  weight,  21 ;  no  change,  2. 

When  fed  a  low  protein  following  a  medium  protein  ration.  Gains 
in  weight,  13 ;  losses  in  weight,  10;  no  change,  2. 

When  fed  a  medium  protein  following  a  low  protein  ration.  Gains 
in  weight,  12;  losses  in  weight,  7;  no  change,  6. 

When  fed  a  medium  protein  following  a  high  protein  ration. 
Gains  in  weight,  6;  losses  in  weight,  7;  no  change,  6. 

When  fed  a  high  protein  following  a  medium  protein  ration. 
Gains  in  weight,  7 ;  losses  in  weight,  12 ;  no  change,  2. 

Summary.  When  changed  to  a  lower  from  a  higher  protein  ra- 
tion.    Gains  in  weight,  34 ;  losses  in  weight,  46 ;  no  change,  19. 

When  changed  to  a  higher  from  a  lower  protein  ration.  Gains 
in  weight,  50 ;  losses  in  weight,  40 ;  no  change,  10. 

There  is  no  majority  either  way;  for  34  plus  19  is  greater  than  46, 
46  plus  19  greater  than  34,  40  plus  10  is  equal  to  50  and  50  plus  10 
greater  than  40.  The  outcome  is  somewhat  indeterminate,  as  might 
well  be  expected.  Yet  it  is  significant  that  the  larger  figures  in  each 
case  are  related  to  that  ration  which  carries  the  lower  protein  content. 
Thus,  in  50  percent  of  the  instances  the  cows  increased  in  weight  in 
passing  from  the  ration  carrying  the  higher  to  that  carrying  the  lower 
digestible  protein  content,  whereas  in  only  40  percent  of  the  instances 
did  they  lose  in  weight.  Similarly,  in  passing  from  the  ration  carrying 
the  lower  to  that  carrying  the  higher  digestible  protein  content,  in  47 
percent  of  the  instances,  the  cows  lost  in  weight,  whereas  in  only  35 
percent  did  they  gain  in  weight. 

VERY  LOW  PROTEIN  FEEDING 

Now  while  the  outcome  as  regards  the  rations  containing  a  pound 
and  a  half  of  protein  or  more  a  day  is  fairly  definite,  indicating  that 
they  were  sufficient  to  enable  the  cows  to  maintain  their  body  weights 
and  to  make  a  reasonable  amount  of  milk  at  the  same  time,  the  results 
when  the  very  low  protein  ration  was  fed  were  quite  unlike  those 
secured  with  the  more  proteinous  diets.     Seven  young  cows,  from  four 

*  See  pp.  107-120.  .     . 
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to  eight  years  old,  were  placed  on  the  very  low  protein  ration  in  the  fall 
of  1914  and  it  was  fed  to  them  for  two  to  four  lactations.  Two 
completed  two,  and  five,  four  lactations.  Six  of  the  seven  weighed 
less  in  the  second  than  the  first  lactation.  Of  the  five  which  completed 
four  lactations  all  weighed  less  than  in  the  first  lactations  in  both  of 
the  later  lactations.  These  five  cows  were  4,  5,  5,  7  and  8  years  old 
when  they  started  in  the  trial.  Three  certainly  should  have  increased 
in  weight  because  of  age.  The  shrinkages  in  the  fourth  lactation  as 
compared  with  the  first  were  9,  5,  7,  5  and  3  percents.  The  average 
cow,  a  little  less  than  6  years  old  at  the  outset  and  weighing  850  pounds, 
four  years  later  weighed  only  780  pounds.  The  following  comparison 
is  illuminating  in  this  connection : 

Average  Average 

Average          weight  weight  Gain  or 

No.  of                                                       age  at               flrst  fourth  loss  In 

cowB           Fed  continuously             outset          lactation  lactation  weight 

7  Low  protein  ration 4%  792  898  +106 

4  Medium  protein  ration.  6%  951  1031  +80 

4  High  protein  ration...  7  963  986  +22 

4  Very  low  protein  ration  6—  850  780  —70 

Clearly  the  cows  fed  the  very  low  protein  ration,  which  normally 
should  have  gained  in  weight  had  their  food  intake  permitted  such  gain, 
maintained  their  milk  flows  at  the  sacrifice  of.  their  body  weights. 

The  lactation  alternation  data  cannot  be  used  to  quite  the  same 
advantage  in  connection  with  the  very  low  protein  trials  of  1914- 
1919.  Unfortunately,  failure  properly  to  supervise  the  feeding  dur- 
ing the  third  lactation  in  1916-17  introduced  errors  which  almost 
entirely  ruined  this  phase  of  the  work.  However,  six  cows  fed  the 
very  low  ration  during  one  lactation  without  exception  weighed  less 
during  the  next  one  than  they  did  during  the  first  one,  four  being 
fed  the  low  ration  and  two  continued  on  the  very  low  one.  Two  cows 
fed  the  low  ration  during^  the  initial  and  the  very  low  one  during  the 
second  lactation,  weighed  less  during  the  second  than  during  the  first. 
Four  were  young  cows,  one  seven  years  old  and  one  was  aged.  The 
only  plus  signs  occur  in  two  cases  (Catrina  2nd,  Theta)  wherein  the 
use  of  a  low  ration  followed  that  of  a  low  ration.  In  the  eight  com- 
parisons where  the  very  low  ration  was  fed  during  either  lactation,  the 
average  weight  during  the  second  lactation  wa§  invariably  lower  than 
it  was  during  the  first,  the  average  shrinkage  approximating  5  percent. 

It  seems  quite  clear  that,  whereas  the  very  low  protein  ration 
carrying  approximately  a  pound  of  digestible  protein  daily  was  in- 
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sufficient  to  enable  the  cows  to  produce  their  normal  milk  flows  and  to 
maintain  their  bodily  status,  the  low  protein  ration  carrying  1.5  pounds 
of  digestible  protein  daily  furnished  ample  amounts  to*  enable  the  cows 
to  hold  and  to  increase  their  live  weights,  that,  indeed,  in  this  respect 
it  outclassed  its  competitors. 

2.    During  Short  Feeding  Periods 

The  time  honored  system  of  judging  the  relative  value  of  rations 
by  means  of  feeding  trials  has  been  the  so-called  alternation  method, 
wherein  cows  have  been  fed  for  a  series  of  weeks  upon  a  definite 
ration,  then  fed  for  a  similar  number  of  weeks  upon  the  competing 
ration,  to  be,  at  the  opening  of  the  next  period,  again  placed  upon  the 
ration  first  fed,  then  again  in  due  time  to  be  swung  back  to  the  second 
ration  fed,  and  so  on.  Considerable  study,  much  of  it  carried  on  at 
this  Station,^  has  seemed  to  indicate  that  if  the  feeding  periods  were 
not  less  than  five  weeks  long,  the  data  obtained  were  liable  to  afford 
results  which  were  trustworthy  and  relatively  free  from  error.  Under 
ideal  conditions  the  adoption  of  the  five-week  period  enables  one, 
located  in  a  northern  climate  such  as  is  that  which  obtains  in  Vermont, 
to  make  use  of  five  feeding  periods  between  the  time  when  the  cows  ' 
come  into  the  bam  for  the  winter  in  early  November  and  their  exit 
therefrom  for  pasture  in  late  mid-May. 

During  the  years  prior  to  1906,  it  has  been  the  custom  at  this 
Station  in  the  conduct  of  feeding  trials  to  change  the  cows  from  one 
ration  to  the  other  somewhat  gradually,  taking  usually  three  to  four 
days  for  the  purpose ;  to  take  into  account  in  comparative  measurements 
only  records  secured  in  the  final  three  weeks  of  each  feeding  period; 
rigorously  to  scan  every  record  and  to  exclude  such  as  evidenced  ab- 
normality of  any  sort  which  was  clearly  due  to  extraneous  causes ;  to 
reject  also  the  records  where  marked  changes  occurred  in  milk  flow 
which  were  obviously  due  to  approaching  drying  oflF  or  to  very  recent 
calving ;  and  to  use  only  data  which  were  clearly  representative.  This 
custom  has  been  followed  in  the  conduct  of  the  trials  now  under  con- 
sideration. 

Furthermore,  for  purposes  of  comparison  under  the  conditions 
cited  above,  it  has  been  the  custom  to  assume  that  the  mean  of  the 
consumption  data  and  of  the  production  data  secured  in  the  experi- 


»Vt.  Sta.  Rpts.  10.  pp.  146-161  (1897)  ;  11.  pp.  320-830   (1898)  ;  20.  pp.  468-464 
(1907). 
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mental  portions  (i.  e.,  the  three  weeks  following  the  initial  two  weeks' 
feeding  on  a  given  raiion)  of  two  non-adjacent  feeding  periods  in 
which  identical  rations  were  fed,  would  have  been  likely  to  have  been 
the  data  of  consumption  and  production  which  would  have  been  secured 
in  the  experimental  portion  of  the  intervening  feeding  period  had  the 
ration  fed  been  that  which,  as  a  matter  of  fact,  was  fed  in  the  two  non- 
adjacent  periods,  or,  in  other  words,  had  continuous  and  unchanged 
feeding  occurred  instead  of  intermittent  feeding.  These  assumed  data, 
these  averages,  afforded  a  reasonably  accurate  basis  of  comparison  of 
what  might  be  termed  computed  fact  with  fact,  of  what  presumedly 
would  have  been  and  of  what  was.  The  scheme  enabled  the  computer 
to  set  side  by  side  the  results  which  it  is  fair  to  assume  would  have 
been  secured  by  feeding  ration  B  during  a  given  period — since  the 
data  were  the  average  of  results  secured  before  and  after  the  period 
in  question — ^with  the  results  which  actually  were  secured  during  the 
period  under  survey  by  feeding  ration  A.  In  short,  a  direct  compari- 
son of  actual  consumption  and  production  data  with  hypothetical  con- 
sumption and  production  data  was  thus  made  possible.  These  data, 
thus  computed,  have  been  familiarly  known  in  our  parlance  as  the 
"ghost"  figures.  The  number  of  such  comparisons  being  relatively 
large,  the  errors  introduced  by  the  use  of  these  ghosts  are  minimized. 
This  system  enables  one  in  a  fairly  satisfactory  manner  to  counteract 
the  effect  of  advancing  lactation  and  of  other  factors  making  for 
irregularity  of  food  consumption  and  milk  flow.^ 

When  the  trials  now  under  discussion  were  being  shaped  in  the 
fall  of  1906,  it  was  clearly  foreseen  that  there  then  were  and  would  be 
during  the  years  to  come  several  cows  in  the  herd  which  for  divers 
reasons,  more  particularly  their  age,  could  not  be  safely  started  on  the 
longtime  trials  which  constituted  the  vertebral  column  of  the  experi- 
ment. It  would  have  been  useless,  for  instance,  to  have  scheduled  Lady 
Perusia  to  start  on  December  2,  1906,  on  a  feeding  trial  which  was  ex- 
pected to  last  four  and  which  really  lasted  almost  13  years,  to  have 
given  her  a  "long  continuous"  sentence.  Lady  Perusia  was  13  years  old 
in  November,  1906,  and  her  days  of  usefulness  were  all  but  over.  But 
she  could  be  used  and  was  used  to  good  advantage  for  two  seasons  in 
the  short  alternation  work,  furnishing  excellent  data.  Similarly  heifers 
with  their  first  calf,  indeed  with  their  second  calf,  their  capabilities 


^  For  further  discussion  of  this  general  matter  and  for  a  review  of  the  relative 
merits  of  diverse  methods  of  the  conduct  of  feeding  trials,  see  Vt.  Sta.  Rpts.  14,  pp. 
869-876  (1901)  ;  15,  pp.  818-337  (1902)  ;  16.  pp.  264-274  (1903)  ;  17,  pp.  611-628 
(1904)  ;  18,  pp.  405-412   (1905)  ;  19,  pp.  882-336   (1906). 
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more  or  less  unknown,  could  not  be  scheduled  with  safety  in  trials 
wherein  it  was  desired  to  make  conditions  in  competitive  groups  as 
comparable  as  possible,  and  wherein  the  scrutiny  of  past  records  made 
under  known  conditions  was  an  important  factor  in  the  determination 
of  probable  uniformity  and  of  location  in  the  trials  in  this,  that,  or  the 
other  group.  In  order  to  make  use  of  these  otherwise  unavailable 
animals  and,  as  well,  to  test  the  accuracy  of  the  results  attai;ned  by  the 
short  alternation  system  as  compared  with  those  secured  by  the  more 
costly  and  time  consuming  processes,  namely,  the  ''lactation  alterna- 
tion" and  the  "long  continuous"  modes  of  feeding  employed  with  the 
bulk  of  the  herd,  the  trials  reported  in  this  section  of  the  discussion 
were  inaugurated  and  carried  on  coincidently  with  the  more  funda- 
mental studies. 

comparisons  of  high,  medium  and  low  protein  rations 

Three  comparisons  were  made : 

(1)  Of  the  high  and  the  low  protein  rations. 

(2)  Of  the  high  and  the  medium  protein  rations. 

(3)  Of  the  medium  and  the  low  protein  rations. 

The  data  secured  during  the  months  of  November  to  May,  in- 
clusive in  six  seasons,  1906-07  to  1911-12,  were  collated  as  a  unit,  those 
secured  in  1912-13  as  another  unit,  and  those  obtained  in  1913-14  as 
still  another  unit.  These  separations  were  made  with  a  view  of  de- 
termining the  likenesses  or  unlikenesses  of  the  outcomes,  of  noting 
whether  a  single  season's  trial,  using  a  moderate  number  of  animals, 
might  be  expected  to  afford  approximately  accurate  results,  for  ob- 
viously in  the  generality  of  trials  it  is  quite  out  of  the  question  to  feed 
rations  for  eight  years  before  determining  the  nature  of  the  outcome. 

The  following  tabulation  shows  something  as  to  the  scope  of  the 
work  and  the  volume  of  figures  available  for  use  in  the  comparative 
study. 
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The  results  of  this  study  of  the  efficacy  of  short  alternation  feed- 
ing trials,  as  well  as  of  the  outcome  as  between  the  three  rations,  are 
presented  in  nine  statements  (pages  111-114).  Of  course  three  deal 
with  comparisons  of  the  high  and  low  protein  rations,  three  with  those 
of  the  high  and  medium  protein  rations  and  three  with  those  of  the 
medium  and  low  protein  rations.  The  results  are  expressed  in  terms 
of  a  single  daj-'s  feeding  and  production.  The  seven  columns  at  the 
extreme  left  of  each  table  deal  with  food  consumption ;  the  next  eleven 
columns  with  milk  production;  and  the  last  eight  columns  with  milk 
production  standardized  to  a  definite  food  ccmsumpdon. 
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A  survey  of  the  data  set  forth  in  these  tables  indicates : 

1.  That  food  consumption  was  very  uniform.  In  but  one  in- 
stance was  the  amount  of  total  dry  matter  eaten  in  one  ration  materially 
unlike  the  amount  eaten  in  the  other  ration ;  and  in  but  two  instances 
(high-low,  '06-'12;  high-medium,  '12-'13)  were  material  differences 
manifested  in  digestible  dry  matter  consumption,  and  in  neither  of  these 
comparisons  did  the  divergency  exceed  two  percent.  In  other  words, 
total  food  intakes  were  in  all  cases  practically  identical. 

2.  That  the  consumption  of  digestible  ash  and  crude  fiber  in  the 
competitive  rations  were  closely  similar,  the  divergencies  but  once 
exceeding  two  percent.  The  digestible  protein  intake  figures  were  of 
course  dissimilar — for  the  effect  of  digestible  protein  variation  was  the 
point  in  view  in  these  studies — and,  as  a  necessary  corollary  of  such 
variation,  the  digestible  nitrogen-free-extract  consumptions  were  unlike. 
The  introduction  of  cottonseed  meal  into  the  high  protein  ration  natu- 
rally increased  its  ether  extract  content  to  some  extent  as  compared 
with  those  of  the  other  rations. 

Nowithstanding  the  minor  value  of  these  variations  in  food  con- 
sumption, it  seemed  desirable  to  place  all  the  data  on  a  strictly  com- 
parable basis;  hence  the  calculations  which  appear  in  the  tabulations 
at  the  extreme  right. 

SIX  season  trials 

The  outcome  of  the  six  season  trials  seems  to  be  as  follows : 

1.  When  a  high  protein  ration  was  substituted  for  a  low  protein 
ration,  approximately  2%  pounds  of  digestible  protein  being  eaten 
daily  instead  of  1%  pounds,  the  deficiency  being  made  up  with  an 
equivalent  amount  of  digestible  carbohydrates : 

(a)  Approximately  4.2  percent  more  milk,  4.3  percent  more  total 
solids,  and  4.5  percent  more  fat,  were  made. 

(fc)  On  uniform  dry  matter  consumption,  approximately  3.6  per- 
cent more  milk,  3.7  percent  more  total  solids,  and  3.9  percent  more 
fat,  were  made. 

(c)  On  uniform  digestible  dry  matter  consumption,  approx- 
imately 2.4  percent  more  milk,  2.5  percent  more  total  solids,  and  2.7 
percent  more  fat,  were  made. 

2.  When  a  high  protein  ration  was  substituted  for  a  medium  pro- 
tein ration,  approximately  2%  pounds  of  digestible  protein  eaten  daily 
instead  of  about  l%o  pounds,  the  deficiency  being  made  up  with  an 
equivalent  amount  of  digestible  carbohydrates : 
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(o)  Approximately  i!7  percent  more  milk,  3.5  percent  more  total 
solids,  and  3  percent  more  fat,  were  made. 

(&)  On  uniform  dry  matter  consumption,  approximately  2.7  per- 
cent more  milk,  2.5  percent  more  total  solids,  and  2  percent  more  fat 
were  made. 

(c)  On  uniform  digestible  dry  matter  consumption,  approx- 
imately 2.7  percent  more  milk,  2.4  percent  more  total  solids,  and  1.9 
percent  more  fat,  were  made. 

3.  When  a  medium  protein  ration  was  substituted  for  a  low  pro- 
tein ration,  approximately  l%o  pounds  digestible  protein  being  eaten 
daily  instead  of  1%  pounds,  the  deficiency  being  made  up  with  an 
equivalent  amount  of  digestible  carbohydrates : 

(a)  Approximately  1.9  percent  more  milk,  2.6  percent  more  total 
solids,  and  2.2  percent  more  fat,  were  made. 

(6)  On  uniform  dry  matter  consiunption,  approximately  1.6  per- 
cent mote  milk,  2.3  percent  more  total  solids  and  2.1  percent  more  fat, 
were  made. 

(c)  On  uniform  digestible  dry  matter  consumption,  approxi- 
mately 1.4  percent  more  milk,  2.1  percent  more  total  solids,  and  1.8 
percent  more  fat  were  made. 

SINGLE  YEAR  TRIALS 

How  do  the  data  secured  with  a  limited  number  of  cows  in  single 
year  compare  with  these  figures? 

HIGH  AND  UOW  PBOTEIN   EATION   C0HPABI80N8 

(When  a  hl|^  protein  ration  was  substituted  for  a  low  protein  ration) 

Milk  Total  soUds  Fat 

(a)        (b)        (c)  (a)        (b)        (c)  (a)       (b)         (c) 

190e-12    +4.2     +8.6     +2,4         +4.3     +3.7     +2.5         +4.5     +3.9     +2.7 

1912-13    +4.7     +5.6     +4.5         +4.6     +5,1     +4.4        +4.4     +4.7     +4.2 

1913-14    +1.7     +2.2     +1.1         +2J     +2.7     +1.6         +2.5     +3^     +1.9 

Bxtremes  ...       3  3.5        3.4  2.3       2.4        2.8  2.0        1.6        2.3 

HIGH  AND  UrarCM   PBOTEi:?   KATIOX   COMPAKISOXB 

(When  a  hicb  protein  ration  was  substituted  for  a  medium  protein  ration) 

Milk  Ty>tal  soUds  Fat 

ia>        lb)        (c)  la)        lb)        (c)  (a)       (b>         (cl 

1906-12    -^3,7     +2.7     +2.7         -J-3.5     -J-2.5     +2.4         +3        +2        +1.9 

191M3    -^2.1     +1.7     +0.7         -f-1.9     -+-1.4     -0.5         +1.5     -^-1  0 

191M4    +1.8     +1,9     +0.8         +0.9     —1  0  +1        -i-Ll    +0a 

Extremes  ...       1.9        1.0        2,0  2,6       1.5        2.4  2.0        1.0        1.9 
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MEDIUM  AND  LOW  PROTEIN  RATION   COMPARISONS 

(When  a  medium  protein  ration  was  substituted  for  a  low  protein  ration) 

Milk  Total  solids  Fat 

(a)        (b)        (c)  (a)        (b)        (c)  (a)       (b)         (c) 

1906-12    +1.9     -fl.6     +1.4         +2.6     +2,3     +2.1         +2.2     +2        +1.8 

1912-13     +2.1     +1.5     +1.1         +2.6     +1.9     +1.6         +2.1     +2.4     +1.9 

1913-14     +2.3     +2.6     +2.4         +2.6     +2.8     +2.7         +2.6     +2.8     +2.6 

Extremes  ...       0.4        1.1        1.3  0  0.9        1.1  0.7        0.7        0.8 

The  comparisons  are  made  on  the  basis  of  the  differences  observed 
in  the  production  on  the  one  ration  as  compared  with  the  other,  the 
ration  with  the  lower  protein  content  being  considered  the  norm  and 
the  other  compared  with  it.  The  figures  under  (a),  (ft)  and  (c) 
respectively  represent:  (a)  the  differences  which  are  actual;  (fe)  the 
differences  on  a  uniform,  total  dry  matter  consumption  basis;  and  (c) 
the  differences  on  a  uniform  digestible  dry  matter  consumption  basis. 

Touching  the  table  it  may  be  said : 

(1)  That  uniformly  the  trend  is  in  one  direction,  i.  e.,  plus. 
There  is  not  a  single  discordant  minus. 

(2)  That,  speaking  broadly,  the  results  are  quite  comparable. 
Closer  agreement  could  hardly  have  been  attained  than  that  secured 
in  the  three  medium  and  low  protein  comparisons ;  and  the  results  in 
the  other  two  comparisons  are  quite  satisfactory.  In  view  of  the  fact 
that  the  experimental  error  incident  to  the  short  alternation  system  of 
feeding  trials  as  conducted  at  this  Station  as  determined  by  very  many 
years  of  careful  experimentation  approximates  1.5  percent,^  there 
seems  no  reason  to  question  the  essential  accuracy  of  the  measure 
afforded  by  the  single  year's  trials  with  relatively  few  cows,  made  in 
1912-13  and  1913-14,  assuming  that  the  method  itself  is  capable  of 
yielding  accurate  results. 

The  question  now  arises  as  to  the  relative  merits  as  producers  of 
milk  of  these  three  rations  as  judged  by  the  short  alternation  system. 
Certain  points  stand  out  clearly. 

(1)  The  more  protein,  the  more  milk,  invariably.  The  daily 
ration  containing  from  1%  to  l%o  pounds  of  digestible  protein  made 
more  milk  and  total  solids  than  did  one  containing  from  1^4  to  1^ 
pounds ;  the  daily  ration  containing  from  2%o  to  2%  pounds  of  digesti- 
ble protein  made  more  milk  and  total  solids  than  did  one  containing 
from  l%o  to  l%o  pounds;  and  the  daily  ration  containing  from  2%o 

>Vt.  Sta.  Rpta.  18,  p.  403  (1905)  ;  19.  p.  330  (1906). 
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to  2^  pounds  digestible  protein  (and  in  one  case,  1913-14,  when  heifers 
were  fed,  1%  pounds  digestible  protein)  made  more  milk  and  total 
solids  than  did  one  containing  U/^  pounds  digestible  protein  (or  1% 
pounds  in  the  1913-14  heifer  trial). 

(2)  The  quality  of  the  milk  was  not  materially  affected.  How- 
ever, it  is  interesting  to  note  that  in  eight  cases  out  of  nine,  the  casein 
contents  of  the  milk  made  when  relatively  high  nitrogenous  rations 
were  fed  were  somewhat  higher  than  when  the  less  proteinous  rations 
were  fed,  and  that  in  the  ninth  case  the  casein  percentages  of  the  two 
milks  were  practically  identical.  Furthermore,  it  is  interesting  to  note 
that  in  eight  cases  out  of  nine  the  milk  sugar  contents  of  the  milk 
made  when  a  relatively  highly  carbohydrate  ration  was  fed  was  higher 
than  was  the  case  when  rations  carrying  less  digestible  carbohydrates 
were  fed,  and  that  in  the  ninth  case  the  milk  sugar  percentages  of  the 
two  milks  were  identical.  This  point  is  discussed  at  greater  length  on 
pages  129  to  131. 

(3)  If  one  were  to  attempt  to  state  the  outcome  on  the  basis 
of  the  results  attained  in  these  short  alternation  trials,  one  would  be 
forced  to  say,  speaking  broadly,  that  the  high  protein  ration  was  capable 
of  making  approximately  three  and  a  half  percent  more  milk  and  total 
solids  than  the  low  protein  ration;  that  the  high  protein  ration  was 
capable  of  making  approximately  two  percent  more  milk  and  solids 
than  the  medium  protein  ration;  and  that  the  medium  protein  ration 
was  capable  of  making  approximately  two  and  a  half  percent  more 
milk  and  solids  than  the  low  protein  ration;  and,  in  view  of  the  un- 
varying uniformity  of  the  trend  of  the  results,  and  the  comparatively 
narrow  margin  of  divergence  in  the  outcome  as  measured  in  a  six-year 
period  and  in  two  one-year  periods,  that  the  experimental  error  in- 
cident to  the  short  alternation  method  of  feeding  trials  in  these  in- 
stances did  not  function  to  such  an  extent  as  materially  to  affect  the 
outcome. 

(4)  The  relative  economy  of  the  rations  fed  was  not  a  factor 
in  these  trials.  However,  the  outcome  can  be  expressed  in  general 
terms,  making  it  possible  for  the  reader  to  apply  it  to  any  given  case. 
Assuming  that  similar  results  would  be  likely  to  be  atttained  when- 
ever similar  rations,  supplying  roughly  2^^,  2  and  1%  pounds  of  digesti- 
ble protein,  were  fed  daily  to  the  average  cow — ^an  assumption  which  is 
so  sweeping  as  to  be  very  questionable — one  might  reason  that  if  ICX) 
pounds  of  milk  were  made  on  the  low  protein  ration,  about  102  pounds 
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might  be  expected  as  a  result  of  feeding  the  medium  protein  ration  and, 
perhaps,  104  pounds  following  the  use  of  the  high  protein  ration,  pro- 
vided essentially  equivalent  amounts  of  digestible  dry  matter  were  eaten 
in  each  case.  Bearing  this  statement  in  mind  and  having  in  hand  the 
prices  at  which  from  time  to  time  concentrates  are  selling,  a  dairy- 
man may  determine  for  himself  whether  or  not  such  a  calculated  in- 
crease would  offset  the  possible  higher  cost  of  any  given  ration.  All 
of  which  reasoning  may  be  applicable  in  some  instances  and  in  others 
be  little  better  than  guess  work.  However,  it  should  not  be  forgotten 
in  this  connection  that  an  extra  pound  of  digestible  protein  eaten  by 
a  cow  means  an  extra  sixth  of  a  pound  of  nitrogen  voided  in  manure, 
worth,  at  the  prices  ruling  in  the  days  before  the  war,  about  four  cents. 
In  a  herd  of  25  cows,  this  means  a  dollar  a  day.  This  matter  is  dis- 
cussed at  length  on  pages  131  to  137. 

3.    The  Relative  Trustworthiness  of  Results  Secured  in  Trials 
OF  Many  Years'  Duration  and  in  Trials  of  Short  Duration 

How  may  the  merits  of  a  given  system  of  feeding,  of  a  given 
ration,  of  a  given  roughage  or  concentrate,  best  be  determined  ?  How 
can  the  wortfi  of  such  a  system,  ration,  roughage  or  concentrate  as 
compared  with  another  be  most  accurately  measured?  Was  either  of 
the  methods  employed  in  these  trials  to  be  preferred,  namely : 

(1)  Long  continuous  feeding  for  a  series  of  years,  a  system 
whereby  a  definite  ration  was  fed  continuously  year  in  and  year  out  to 
one  set  of  animals,  while  a  different  ration  was  similarly  fed  to  an- 
other set  of  animals,  the  divergencies  in  the  outcome,  if  any  such  oc- 
curred, being  deemed  to  be  due  to  differences  in  the  productive  values 

of  the  two  rations  rather  than  to  differences  between  the  productive 

* 

abilities  of  the  competing  groups  of  cows. 

(2)  Lactation  alternation  feeding  for  a  series  of  years,  a  system 
whereby  during  alternate  lactations  a  cow  is  fed  the  competing  rations ; 
e.  g.,  during  one  lactation  the  low  protein  ration,  during  the  following 
lactation  the  high  protein  ration,  during  the  lactation  next  following 
the  low  protein  ration,  then  during  the  next  lactation  the  low  protein 
ration  and  so  on ;  the  divergencies  in  the  outcome,  if  any  such  occurred, 
being  deemed  to  be  due  to  differences  in  the  productive  values  of  the 
two  rations,  in  view  of  the  fact  that  the  bovine  personal  equation  is 
eliminated  by  the  use  of  the  same  individual. 
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(3)  Short  alternation  feeding  during  the  barn-life  period  of  the 
year,  November  to  May,  a  system  whereby  during  alternating  periods 
of  five  weeks'  duration,  a  cow  is  fed  the  competing  rations,  e.  g.,  the 
low,  the  high,  the  low,  the  high  and  the  low  protein  rations,  the  diver- 
gencies in  the  outcome,  if  any  such  occurred,  being  deemed  to  be  due 
to  differences  in  the  productive  values  of  the  two  rations  in  view  of 
the  elimination  of  the  bovine  personal  equation. 

This  matter  was  under  survey  for  six  years  (1901-1906)  at  this 
Station  and  much  data  accumulated,^  the  study  of  which  led  the  writer 
to  feel  that  the  alternation  system  was  to  be  preferred  to  that  of  con- 
tinuous feeding  as  a  means  of  measurement.  However,  in  these  com- 
parisons, alternations  occurred  every  five  weeks;  they  were  "short 
alternations."  The  question  now  arises,  as  stated  above,  namely,  as 
to  the  relative  merits  of  the  three  systems  employed  in  this  longtime 
trial  of  1906-1921.  It  is  obvious  that  few  trials  can  be  profitably  con- 
ducted for  15  years  before  a  result  is  secured,  or,  indeed,  for  five  years ; 
that  if  a  reasonably  accurate  outcome  can  be  obtained  at  the  end  of  a 
single  feeding  season,  at  a  relatively  small  outlay  in  time,  eflfort  and 
money,  it  were  better  thus  to  plan  and  to  feed. 

It  is  thought  that  the  general  outcome  in  this  prolonged  trial 
serves  on  the  whole  to  substantiate  the  general  statement  that,  in  so 
far  as  the  direct  returns  in  production  are  concerned,  disregarding  the 
effect  on  the  continued  physical  well-being  of  the  animal  which  might 
result  from  long  continued  usage  of,  for  example,  a  very  restricted 
ration,  the  short  alternation  trials  gave  results  which  were  not  materially 
unlike  those  afforded  by  the  longtime  experiments. 


IV.  THE  PERCENTAGE  RECOVERY  IN  THE  MILK  FLOW 
OF  THE  DIGESTIBLE  NUTRIENTS  DERIVED  FROM 
RATIONS  WIDELY  DIVERSE  IN  THEIR  DIGESTIBLE 
PROTEIN  CONTENTS 

What  was  the  percentage  recovery  in  the  milk  flow  of  the -diges- 
tible ingredients  in  the  several  rations  which  were  fed  during  these 
trials  ? 

The  data  in  the  large  tables  are  quite  significant  touching  this 
matter.  The  essential  and  average  figures  are  as  follows,  expressed 
in  terms  of  percentages,  being  averages  of  averages  in  Tables  A  to  F, 

'  See  footnote,  page  108, 
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inclusive,  folded  in  opposite  page  64,  using  lactation  alternation  data 
only.  The  divergencies  between  the  lowest  and  the  highest  figures, 
if  in  excess  of  10  percent  of  the  lower,  are  indicated;  if  less  than  10 
percent  they  are  omitted,  as  being  relatively  unimportant,  if  not,  in- 
deed, within  the  limits  of  experimental  error. 
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Tables  A  and  C 

Complete  lactations 

Low  protein  ration 

Medium  protein  « ration. . 

High  protein  ration 

Percentage  differences... 

59.7 
61.1 
60.0 

... 

28.1 
29.6 
2d.0 

•  •  • 

49.3 
38.1 
30.2 
63.2 

47.7     61.0    25.7     28.9 
38.4     64.8     28.2     29.6 
30.7     66.3     28.7     30.4 
55.3      • . .     11.8      . . . 

69.7 
76.1 
72.5 

... 

94.2 

62.0 

44.0 

110.0 

65.8 
80.2 
85.1 
29.1 

Tables  B  and  D 

Winter  periods 

Low  protein  ration 

Medium  protein  ration. . 

High  protein  ration 

Percentage  differences. . . 

62.3 
52.1 
49.9 

... 

21.5 
22.4 
23.5 

... 

43.7 
33.6 
26.4 
65.5 

38.3  53.3     19.6     21.7 

30.4  55.0     21.1     22.8 
26.1     54.7     23.0     23.9 
46.8      ...     17.4      ... 

45.0 
46.7 
47.0 

•  •  ■ 

68.0 
45.8 
35.4 
92.1 

41.8 
46.9 
50.8 
21.6 

Table  E 

Complete  lactations 

1 

Very  low  protein  ration. . 

Low  protein  ration 

Percentage  differences... 

70.6 
68.6 

•  •  • 

34.3 
31.8 

... 

77.9 
60.3 
29.2 

71.7     70.0     29.6     33.2 
56.0     69.3     29.0     31.8 

£o                ...           ...           ... 

113.2 

101.2 

12 

328.2 
140.6 
132 

111.4 
102.2 

.... 

Table  P 

Winter  periods 

Very  low  protein  ration. . 

Low  protein  ration 

Percentage  differences. . . 

48.7 
51.6 

... 

26.7 
27.8 

•  •  ■ 

54.4 
43.4 
25.3 

58.1     48.2    23.8     26.6 
46.5     53.0     25.7     27.1 

aO               •••           •••           ••■ 

51.7 
57.5 
11.3 

128.1 
81.8 
56.6 

45.9 
53.9 
17.5 

^  0.7  pounds  digestible  protein,  7.925  pounds  total  digestible  nutrients  per  1,000 
pounds  live  weight.  See  in  this  connection  statement  concerning  maintenance 
figures  on  page  128 ;  see  also  discussion  of  maintenance  in  bulletin  226. 


It  is  obvious  that,  as  between  the  different  rations,  the  proportions 
of  the  various  nutrients  used  for  maintenance  and  for  production  pur- 
poses were  essentially  uniform  in  respect  to : 

( 1 )  Starch  equivalent.  For  maintenance  purposes :  (A  and  C) 
59-61.1  percents;  (B  and  D)  49.9-52.3  percents;  (E)  68.6-70.6  per- 
cents;  (F)  48.7-51.6  percents.  For  production  purposes:  (A  and  C) 
28.1-29.6  percents;  B  and  D)  21.5-23.5  percents;  (E)  31.8-34.3  per- 
cents; (F)  26.7-27.8  percents. 
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(2)  Carbohydrates  and  (fat  X  2%).  For  maintenance  pur- 
poses:    (A  and  C)  61-66.3  percents;  (B  and  D)  53.3-55  percents; 

(E)  69.3-70  percents;  (F)  48.2-53  percents.  For  production  pur- 
poses (in  two  instances)  :  (E)  29-29.6  percents;  (F)  23.8-25.7  per- 
cents. 

(3)  Crude  ash.  For  production  purposes:  (A  and  C)  28.9- 
30.4  percents;  (B  and  D)  21.7-23.9  percents;  (E)  31.8-33.2  percents; 

(F)  26.6-27.1  percents. 

(4)  Starch  equivalent  (less  maintenance) ,  For  production  pur- 
poses (in  two  instances)  :  (A  and  C)  69.7-76.1  percents;  (B  and  D) 
45-47  percents. 

(5)  Carbohydrates  and  (fat  X  2%)  (less  maintenance).  For 
production  purposes  (in  one  instance)  :     (E)  102.2-111.4  percents. 

On  the  other  hand,  it  is  equally  obvious  that,  as  between  the  dif- 
ferent rations,  the  proportions  of  the  various  nutrients  used  for  main- 
tenance and  for  production  purposes  were  highly  unlike  in  respect  to : 

(1)  Digestible  protein.  For  maintenance  purposes:  (A  and 
C)  30.2,  38.1,  49.3  percents  respectively,  for  the  high,  the  medium  and 
the  low  protein  rations;  (B  and  D)  26.4,  33.6,  43.7  percents;  (E) 
60.3,  77.9  percents  respectively  for  the  low  and  very  low  protein 
rations;  (F)  43.4,  54.4  percents.  For  production  purposes:  (A  and 
C)  30.7,  38.4,  47.7  percents;  (B  and  D)  26.1,  30.4,  38.3  percents;  (E) 
56,  71.7  percents;  (F)  46.5,  58.1  percents. 

(2)  Carbohydrates  and  (fat  X  2%).  For  production  purposes 
(in  two  instances) :  (A  and  C)  25.7-28.7  percents;  (B  and  D)  19.6- 
23  percents. 

(3)  Digestible  protein  (less  maintenance).  For  production  pur- 
poses: (A  and  C)  44,  62,  92.4  percents;  (B  and  D)  35.4,  45.8,  68 
percents;  (E)  140.6,  328.2  percents;  (F)  81.8,  128.1  percents. 

(4)  Carbohydrates  and  fat  (fat  X  2%)  (less  maintenance). 
For  production  purposes  (in  three  instances)  :  (A  and  C)  65.8-84.9 
percents;  (B  and  D)  41.8-50.8  percents;  (F)  45.9,  53.9  percents. 

Which,  being  interpreted,  means  that  digestible  protein  utilization 
varied  profoundly  with  the  ration  fed  and  that  carbohydrate  usage  for 
production  purposes  varied  with  the  ration  fed  to  a  much  less  extent 
and  inversely  to  the  protein  variation.  All  of  which  was  to  be 
expected. 
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It  is  interesting  to  note  that  in  several  instances  in  the  very  low 
protein  feeding  (and  in  one  instance  in  the  low  protein  feeding)  the 
total  usage  expressed  in  terms  of  percentage  totals  more  than  100, 
which  at  once  casts  a  shadow  of  doubt  upon  the  validity  of  the  main- 
tenance figures  (0.7,  7.925)  arbitrarily  adopted  at  the  outset  of  the 
trials.  It  should  be  remarked,  however,  that  they  were  standard 
figures  then  (1906)  universally  accepted.  In  the  discussion  concern- 
ing maintenance  standards  in  the  early  part  of  bulletin  226,  this  fact  is 
clearly  set  forth,  namely,  that  0.7  digestible  protein  and  7.92^  pounds 
total  digestible  nutrients  per  1,000  pounds  live  weight  were  the  figures 
proposed — and  within  a  few  years —  by  Wolff-Lehmann  (as  modified 
by  Morrison),  by  Haecker,  by  Savage,  by  WoU  and  Humphrey,  all 
of  them  past  masters  in  animal  nutrition  work.  However,  more  re- 
cently, as  is  likewise  shown  in  bulletin  226,  Armsby  and  Eckles  have 
suggested  0.5  pounds  true  protein  and  6  therms  per  1,000  pounds  live 
weight,  which,  as  the  writer  has  indicated  in  that  issue,  are  equivalent 
to  0.595  pounds  digestible  protein  and  6.48  pounds  total  digestible 
nutrients  per  1,000  pounds  live  weight.  Had  the  long  time  and  ex- 
tensive maintenance  trials,  which  ran  simultaneously  with  the  protein 
trials  and  which  are  discussed  in  bulletin  226,  been  completed  in  advance 
of  the  vast  amount  of  computation  upon  which  tables  A  to  F,  inclusive, 
were  predicated,  or  if  Armsby's  or  Eckles'  statements  had  been  pub- 
lished, it  is  quite  probable  that  lower  maintenance  figures  would  have 
been  chosen  for  computation  purposes.  However,  bulletin  226  had 
not  been  written ;  0.7  and  0.925  were  the  only  and  the  universally  ac- 
cepted maintenance  figures  then  extant.  Furthermore,  these  and  these 
only  have  been  employed  until  within  a  very  few  years  when  Armsby 
and  Eckles  suggested  lower  figures.  The  re-handling  and  the  re- 
computation  of  the  data  on  more  than  300  pounds  of  paper  and  ink 
was  too  appalling  a  task  to  undertake.  However,  anyone  who  desires 
to  re-calculate  on  the  Armsby-Eckles  basis  may  do  so,  using  the  data 
on  the  tables  A  to  F,  inclusive,  reducing  the  figures  to  those  which 
would  have  been  secured  had  the  Armsby-Eckles  standard  been  em- 
ployed, by  multiplying  the  "starch  equivalent"  figures  in  columns  35 
and  38  by  0.818,  the  "digestible  protein"  figures  in  columns  36  and  40 
by  0.857  and  the  "carbohydrates  and  (fat  X  2%)"  figures  in  columns 
37  and  42  by  0.814;  and  the  "starch  equivalent-"  "digestible  protein-" 
and  "carbohydrates,  etc.-"  "(less  maintenance)  utilized  for  milk"  data 
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in  columns  45,  46  and  47,  and  the  "available  starch  equivalent"  figures 
in  columns  55  to  61-,  inclusive,  by  factors  which  will  vary  according 
to  differences  in  the  figures  in  columns  12,  14,  18,  30,  33  and  34. 

The  following  statement  sets  forth  the  changes  wrought  in  table 
A,  using  closely  approximate  average  figures,  that  is  to  say,  the  average 
of  the  27  figures  in  each  perpendicular  column.  It  may  serve  as  a 
guide  to  anyone  who  may  desire  to  re-work  these  data  on  the  Armsby- 
Eckles  basis. 
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Starch  equivalent  utilized  for  maintenance      7.1    lbs. 

Digestible  protein  utilized  for  maintenance '    0.62  lbs. 

Carbyhydrates,    etc.,    utilized    for    main- 
tenance        6.48  lbs. 

Starch  equivalent  utilized  for  maintenance    60.5% 

Digestible    protein    utilized    for    mainte- 
nance (low  protein) •  49.6% 

Digestible    protein    utilized    for    mainte- 
nance (medium  protein)  38.6% 

Digestible    protein    utilized    for    mainte- 
nance (high  protein)   30.1% 

Carbohydrates,   etc.,   utilized   for   mainte- 
nance       64.  % 

Starch     equivalent     (less     maintenance) 

utilized  for  mUk 72.1% 

Digestible    protein     (less     maintenance) 

utilized  for  milk  (low  protein) 95.3% 

Digestible    protein     (less     maintenance) 

utilized  for  milk  (medium  protein)..     61.6% 

Digestible     protein     (less     maintenance) 

utilized  for  milk  (high  protein) 43.7% 

Carbohydrates,    etc.    (less    maintenance) 

utilized  for  milk 76.  % 

Seven  columns  to  right  of  table 


0.818 
0.857 

5.80  lbs. 
0.53  lbs. 

35 
36 

0.814 
0.818 

5.27  lbs. 
49.4% 

37 
38 

0.857 

42.5% 

40 

0.857 

33.1% 

40 

0.857 

25.8% 

40 

0.814 

52.  % 

42 

■  •  •  • 

56.3%* 

45 

•  •  •  • 

82.9%« 

46 

•  •  •  • 

56.4%' 

46 

•  •  ■  • 

40.9%* 

46 

o.isi* 

56.6%» 

•   ■  • 

47 
55-61 

^3.34  (Average  starch  equivalent  In  milk — Col.  88)  -4-  11.74  (Average  starch 
equivalent  in  food— -Col.  12)  —  5.80   (Armsby- Eckles  starch  equivalent). 

"0.605  (Average  digestible  protein  In  milk — Col.  30)  -h  1.26  (Average  diges- 
tible protein  in  food — Col.  14)  —  0.53   (Armsby-Eckles  digestible  protein). 

*  0.615  (Average  digestible  protein  in  milk — Col.  30)  -4-  1.62  (Average  digestible 
protein  in  food — Col.  14)   — •  0.53    (Armsby-Eckles  digestible  protein). 

*0.63  (Average  digestible  protein  in  milk — Col.  30)  -+-  2.07  (Average  digestible 
protein  in  food — Col.  14)  —  0.58    (Armsby-Eckles  digestible  protein). 

*  2.73  (Average  carbohydrates,  etc..  in  milk — Col.  34)  -4-  10.10  (Average  carbo- 
hydrates, etc.,  in  food — Col.  18)  —  5.27  (Armsby-Eckles  digestible  carbohydrates, 
etc. ) . 

•Average  starch  equivalent  in  food  (11.74)  less  WolfP-Lehmann  et  al.  average 
starch  equivalent  (7.10)  =  4.64.  11.74  less  Armsby-Eckles  average  starch  equiva- 
lent  (5.80)  =  5.94.      4.64  -4-  5.94  =  0.781. 
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An  interesting  set  of  figures  are  secured  when  the  records  of  the 
several  cows  used  in  the  long  time  trials  and  in  the  maintenance  trials 
(bulletin  226)  are  compared  as  to  their  nutrient  intakes  and  production, 
segregated  into  groups  on  the  basis  of  the  fat  percentages  in  their 
milks.  The  data  do  not  include  all  the  records  or,  indeed,  the  majority 
of  them.  They  were  gathered  somewhat  early  (1913)  in  the  course 
of  the  trials.  However,  they  represent  119  different  lactations  and 
seem  to  be  sufficient  in  number  to  warrant  at  once  their  presentation 
and  an  attempt  at  generalization.  Roughly  three-sevenths  of  the 
lactations  were*  of  cows  used  in  the  long  continuous  trials ;  three- 
sevenths  of  cows  used  in  the  lactation  alternation  trialis;  and  one- 
eighth  in  the  maintenance  trials  discussed  in  bulletin  226.  Obviously, 
in  view  of  the  fact  that  the  cows  were  fed  rations  so  vexy  unlike  in 
respect  to  their  digestible  protein  contents  as  were  the  so-called  low, 
medium,  and  high  protein  rations,  the  percentages  of  protein  recovery 
in  the  milk  necessarily  were  variable.  The  results  in  the  119  cases 
in  the  milk  necessarily  were  varia:ble.  The  figures  are  not  particularly 
startling.     They  are  just  what  might  have  been  expected. 

The  nutrient  intake  and  production  data,  assembled  on  the  basis  of 
the  fat  percentages  in  the  milk,  covering  119  cases,  are  set  forth  in 
the  following  tables : 

Low  protein     Medium  protein     High  protein 

Number  of  lactations 39  42  38 

Average  percentage  of  protein  re- 
covery            41.7  31.4  26 

Range  of  the  percentage  of  protein 

recovery   52-29  49-20  38-18 

FiYe-6ixths  of  the  records  within 
range  percentage  of  protein 
recovery    48-36  34-26  31-22 
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Were  it  not  for  the  fact  that  the  cows  were  so  evenly  distributed 
among  the  three  groups  fed  the  three  rations,  one  could  not  safely 
reason  as  to  the  relationship  of  milk  quality  to  nutrient  recovery ;  but, 
the  above  table  to  the  contrary  notwithstanding,  it  can  be  done,  pro- 
vided one  rules  out,  so  far  as  digestible  protein  usage  is  concerned,  the 
records  of  group  2  (3J4-4J4%)  and  group  7  (6j4-6^%).  These 
contained  no  cows  fed  the  high  protein  ration.  The  high  ratios  100: 
38.2  and  100:33.8  indicate  the  effect  of  the  cows  fed  the  low  protein 
ration  without  the  offset  of  the  records  of  those  fed  the  high  protein 
ration.  '  The  offsets  in  groups  1  and  3  are  exact ;  in  groups  5  and  6 
(taken  as  a  unit),  exact.  The  slightly  lowered  ratio  in  group  4  (100: 
30.5)  shows  the  effect  of  a  preponderance  of  high  protein  fed  cows. 

It  is  quite  obvious,  so  far  as  this  comparison  is  concerned,  deal- 
ing entirely  with  the  percentage  figures  at  the  right  of  the  tabulation : 

(1)  That  the  protein  returns  in  the  form  of  milk  made  by  the 
thin  milking  cows,  in  proportion  to  the  digestible  protein  eaten,  are 
relatively  as  high  as  those  made  by  the  rich  milking  cows.  (3j4-3^%, 
31.4;  454-514%,  31.3;  5j4-6M%,  31.3.)^ 

(2)  That  the  milk  sugar  returns  made  by  the  thin  milking  cows, 
in  proportion  to  the  digestible  carbohydrates  eaten,  tend  to  be  greater 
than  those  made  by  the  rich  milking  cows.  (3  J4-4J4%>  8.7 ;  454^5 J4%» 
7.1;  5^-6>4%,  6.8;  6J4-6H%,  5.6.) 

(3)  That  the  fat  returns  made  by  thin  milking  cows,  in  propor- 
tion to  digestible  fat  eaten  (a  comparison  which,  it  must  be  confessed, 
means  little,  if  an3rthing),  is  much  lower  than  those  made  by  the  rich 
milking  cows.     (3j4-434%,  132.5;  4>4-5j4%,  139.6;  5j4^j4%,  155.7; 

6>4-6M%,  174.7.) 

(4)  That  the  starch  equivalent  returns  made  by  the  thin  milking 
cows,  in  proportion  to  the  total  digestible  nutrients  eaten,  is  not  ma- 
terially unlike  that  made  by  those  making  richer  milk.  (3j4-4jS4%> 
22.8;  4J4-5J4%,  21.9;  5^-6>4%,  23.2;  634-  6^%,  21.7.) 

(5)  That  as  the  milk  grew  richer  from  grade  to  grade,  two- 
thirds  of  the  total  solid  increments  of  the  thinner  milks  (less  than 
5J4%  fat)  were  fat  and  two-fifths  casein  and  albumin,  whereas  for 
those  milks  carrying  more  than  5j4%  fat,  three- fourths  were  fat  and 
one-fourth  casein  and  albumin.     On  this  account  the  ratios  of  total 


^  The  record  of  groups  2  and  7  are  excluded  In  this  comparison  for  the  reason 
indicated  above.  If  the  disparity  of  the  number  of  cows  fed  the  high  protein 
ration  in  group  4  Is  compensated  for  the  30.5  figure  becomes  33.3  and  the  average 
In  the  4% -5%%  statement  above,  32.7. 
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solids  to  starch  equivalents  in  the  milks  carrying  less  than  5yi%  fat 
averaged  1 : 1.79  and  of  those  carrying  more  than  5j4%  fat  1 : 1.95. 
In  other  words,  the  total  solids  and  fat  percentages  moved  upwards  in 
the  both  groups  from  4  to  6.4%  fat  by  very  even  increments,  whereas 
the  casein  and  albumin  percentage  upward  steps  were  less  than  half 
as  wide  for  the  last  comparison  as  for  the  first  two.  This  fact  has 
long  been  recognized. 

V.    THE  VALIDITY  OF  THE  CURRENT  FEEDING 

STANDARDS 

The  feeding  standard  situation  is  discussed  at  much  length  through- 
out the  maintenance  bulletin  No.  226.  In  that  publication  it  is  stated  that 
in  the  writer's  (J.  L.  H.)  judgment  there  are  standards  enough  and 
to  spare,  standards  which  are  fairly  satisfactory  and  that,  conse- 
quently, no  others  are  proposed,  despite  the  fact  that  the  volume  of 
data  on  which  bulletins  225  and  226  are  erected  greatly  exceeds,  indeed 
many  times  exceeds,  that  with  which  the  author  of  any  standard  here- 
tofore proposed  has  had  to  deal.  To  this  discussion  the  interested 
reader,  if  such  there  be,  is  directed. 

The  trials  discussed  in  this  bulletin  were  not  designed  to  test  the 
validity  or  to  measure  the  applicability  of  any  of  the  so-called  feed- 
ing standards.  However,  the  outcome  obviously  tends  at  least  to  raise 
the  question  whether  the  standards  set  forth  for  milking  cows  are 
in  all  respects  satisfactory.  Surely,  if  cows  can  do  what  many  of 
the  cows  did  whose  records  are  set  forth  in  this  bulletin,  namely, 
make  considerable  quantities  of  milk  for  several  consecutive  years  on 
rations  carrying  approximately  a  pound  or  a  pound  and  a  half  of 
digestible  protein  daily  per  1,000  pounds  live  weight,  one's  faith  is  con- 
siderably shaken  in  the  infallibility  of  some  of  the  proposed  standards, 
and  certainly  of  the  earlier  ones,  in  so  far  as  their  digestible  protein 
statements  are  concerned.  The  writer  is  frank  to  say  that  in  his 
judgment  the  results  secured  in  these  long  continued  trials  with  the 
low  and  very  low  protein  rations  tend  on  the  whole  to  substantiate  the 
relatively  low  protein  standard  statements. 

VI.     THE  EFFECT  ON  THE  QUALITY  OF  THE  MILK  FLOW 

OF  RATIONS  WIDELY  DIVERGENT  IN  THEIR 

DIGESTIBLE  PROTEIN  CONTENTS 

The  very  large  number  of  records  of  cows  fed  one  ration  dur- 
ing one  lactation  and  another  during  the  following  lactation  furnish 
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excellent  data  touching  the  age-old  question  of  the  effect  of  food  on 
the  quality  of  milk.  No  more  testimony  is  needed ;  the  case  is  closed ; 
yet  such  a  volume  of  data,  covering  so  many,  many  years  of  bovine 
life,  has  not  been  offered  before;  and  it  seems  worth  presenting  it, 
quite  apart  from  the  great  tables  A  to  F,  inserted  opposite  page  64, 
where  the  point  now  under  consideration  is  lost  in  the  wilderness  of 
figures.     The  table  tells  its  own  story. 
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%  %         % 

Low  protein  ration    14.37      5.14      3.65      4.82 
Medium  protein  ^ 

ration    14.58      5.27      3.74      4.81 

Higher  ±  lower..   +0.21  +0.13  +0.09  —0.01 


% 
0.75 

0.75 
0 


% 
13.71 


4.62 


3.60 


4.78 


% 
0.74 


13.79       4.66       3.60       4.82       0.72 
+0.08  +0.04       0        +0.04  --0.02 


Low  protein  ration    14.64 
High  protein 

ration    14.44 

Higher  ±  lower..  —0.20 


5.27       3.73       4.86       0.79         14.59       5.17       3.69       4.98       0.77 


5.15       3.73       4.79       0.79 
-0.12      0       — O.07       0 


14.47       5.08       3.66       4.98       0.77 
—0.12  —0.09  —0.03       0  0 


Medium  protein 

ration    14.23      4.97       3.59      4.92       0.77        14.20      4.87      3.57      4.98      0.77 

High  protein 

ration    14.28      4.99      3.66      4.88      0.77 

Higher  ±  lower..   +0.05  +0.02  +0.07  —0.04'      0 


14.29      4.93       3.74      4.88       0.76 
+0.09  +0.06  +0.17  —0.10  —0.01 


Very  low  protein 

ration    14.80      5.25       3.57 

Low  protein  ration    14.47      5.14      3.44 
Higher  ±   lower. .  —0.33  —0.11  —0.13 


5.19  0.77 
5.19  0.72 
0       —0.05 


14.41       4.91       3.39       5.35       0.77 

14.13       4.81       3.31       5.29       0.72 

—0.28  —0.10  —0.08  —0.06  —0.05 


Were  the  casein  and  albumin  contents  of  the  several  milks  affected 
by  diverse  feeding?  Apparently  to  a  slight  extent.  The  grand  averages 
of  all  records  in  tables  A  to  F,  inserted  opposite  page  64,  were : 

Casein  and 
Ration  Tables  albumin  Ratios 

% 

High  protein A-D  3.70  100 

Medium  protein  A-D  3.70  100 

Low  protein   A-D  3.65  98.6 

Low  protein    E-F  3.53  100 

Very  low  protein  B-F  3.46  98 

The  figures  are  in  the  direction  which  would  be  expected  theo- 
retically.    Cows  relatively  stinted  on  the  one  hand  or  somewhat  liber- 
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ally  supplied  on  the  other  might  well  be  expected  slightly,  at  any  rate, 

« 

to  tend  to  conserve  or  to  be  free  with  their  usage  of  nitrogen  in  milk 
making.  However,  the  changes  are  not  large  enough  to  warrant  dog- 
matic statement,  except  that  the  immense  amount  of  data  contributing 
to  their  determination,  involving  as  has  been  pointed  out  many  thous- 
ands of  analyses,  tends  to  make  any  change,  however  small,  somewhat 
impressive. 

What  was  the  effect  of  the  frequent  changes  in  rationing  occurring 
during  the  short  alternation  trials  upon  the  albuminoid  contents  of  the 
milks?  Total  solids  and  fat  contents  were  not  affected,  as  is  shown 
on  pages  111  to  114;  but  it  is  conceivable  that  so  profound  a  change 
as,  for  example,  from  the  high  to  the  low  protein  ration,  might  be 
reflected,  for  the  time  being  at  least,  in  the  percentages  of  the  nitro- 
genous milk  constituents. 

The  grand  averages  appear  below : 
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From  a  relatively  low  to  a  relatively  high  protein  ration 

3.8^  ..     ..        Medium    61    4.05     ..     ..         Low      92    3.94 

4.02  47     14        High          61     4.12     35    21        High    92    4.03 

-1-0.13  +0.07                                        +0.09 


From  a  relatively  high  to  a  relatively  low  protein  ration 

Medium   66    4.01     ..     ..         High  62    4.03     ..     ..         High    89    3.98 

Low  66     3.98     24     35        Medium    62     4.12     39     18        Low      89     4.01 

—0.03  +0.09  +0.03 


61     25 


39     35 


When  the  change  was  in  the  direction  of  feeding  a  more  highly 
nitrogenous  ration  the  percentage  of  albuminoids  in  the  milk  was  in- 
creased in  %  of  the  instances,  in  %  diminished  and  in  3^2  imaffected. 
When  the  change  was  in  the  direction  of  feeding  a  less  highly  nitro- 
genous ration  the  percentage  was  increased  in  %  of  the  instances,  in 
%  decreased  and  %  unaffected.  The  average  gain  in  the  one  instance 
was  0.10  percent;  in  the  other  0.03  percent.  Now  it  is  to  be  expected 
that,  after  an  interval  of  five  weeks,  the  percentage  of  albuminoids  or- 
dinarily would  be  slightly  increased ;  furthermore,  that  this  increment 
would  be  identical  on  each  side  of  the  comparison,  except  in  so  far  as 
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the  effect  of  ration  change  enters  in  to  modify  the  result.  Hence  it 
seems  safe  to  state  as  an  approximate  truth  that  in  these  short  aher- 
nation  trials  when  a  relatively  high  protein  ration  replaced  one  of 
relatively  low  protein  content,  the  average  albuminoids  percentage  in 
the  milk  increased  from  3.98  to  4.05.  The  ratios  would  then  be 
4.05  :  3.98  : :  100  :  98.3.  This  latter  figure  is  closely  comparable  with 
the  98.6  shown  above. 

It  seems  reasonably  clear  from  the  testimony  of  these  three  trials, 
the  low-medium-high  digestible  protein  trials  of  1906-1914,  the  very 
low-low  digestible  protein  trials  of  1914-1920  and  the  short  alternation 
trials  of  1906-1913,  all  of  which  tell  the  same  tale,  that  to  a  slight  extent 
the  albuminoid  percentage  of  milk  is  affected  by  changes  in  the  diges- 
tible protein  content  of  the  ration  and  in  a  parallel  direction. 

VII.    THE  ECONOMICS  OF  THE  USE  OF  RATIONS  WIDELY 
DIVERSE  IN  THEIR  DIGESTIBLE  PROTEIN  CONTENTS 

While  it  is  realized,  in  view  of  profound  changes  from  time  to 
time  in  prices  of  roughages  and  concentrates,  that  attempts  to  apply 
money  values  to  the  results  secured  in  these  trials  are  of  little  value, 
notwithstanding,  data  were  secured  and  are  presented  herewith. 

The  Boston  Chamber  of  Commerce  prices  of  No.  1  baled  hay, 
stock  hay,  No.  1  and  No.  2  clover  hay  were  compiled,  week  by  week, 
from  the  beginning  of  the  trial  in  1906  until  the  war  broke  out  in 
1914.  Local  prices  were  also  secured  month  by  month.  Statements 
were  collected  annually  from  various  parties  in  charge  of  cow  test 
associations  as  to  the  values  they  were  applying  in  their  computation 
to  hay  at  the  barn.  The  ton  prices  of  each  of  the  several  concentrates 
used  in  the  grain  rations  were  secured  each  month  from  two  of  the 
larger  Vermont  feed  dealers.  Weekly  prices  for  "creamery  extras" 
were  received  from  the  Boston  Chamber  of  Commerce.  Figures  were 
available  and  secured  for  a  considerable  time  during  the  war  period, 
buf  conditions  were  then  so  abnormal  that  it  seems  best  to  use  only  the 
1906-1914  figures.  There  were,  of  course,  many  fluctuations  during 
this  period.  The  following  table  sets  forth  averages ;  it  also  includes, 
as  a  matter  of  interest,  the  average  monthly  prices  for  1921  as  quoted 
in  the  markets  of  the  State  of  New  York  and  of  Vermont,  for  the 
several  concentrates  used  in  the  low,  medium  and  high  protein  rations. 
It  further  includes  1921  data  for  the  prices  of  hay  and  "creamery 
extras." 


132 


Bulletin  225 


sisj^xa  Xjoureajo 


a 


00 


G 
o 

Be 

u  o 


o 

I 


199UI    P998U01))00 


IBOUi  p9dsan 


padj  ua^nio 


p9aj    XuiuiOH 


s)'Bo  punojo 


iTBjq  i-eaqA^. 


S  d  <v 


X-eq  par^q  i  'o^i 


c  o^ 


Xvq  J9Aop  3  'Oj«; 


Xvq  jdAOp  X   'OK 


X«q    p9i«q  I  -OM 


as 


Scocoooooo)t«oooo 
oaoo  lo  o  iH  f  o  00 

*^  eoeoeocococoeococo 


Or-I00r-I00t«t-O»e>4 
■«^    00  00  00  00  00  00  CO  00  00 


owooeoiokoioeooo 

C   Ot^OOOOCOrHC^COOO 

o  oococaoo^cqoco 
♦*  cooocoooooc<9eooooo 


ocot*ooiae<iiesi<o^ 
(3  iO'<tf4COoocqoa>o»o) 

O   C0QOr-IC<ilOOO)r-lQOO 
^    C4O|00e0C4C400C400 


OtH-^OOiHO»OOtHIO 

a  iofudoot-t-oot«t« 

^k  •■••••■■• 

5    OilOOOt-iHTHIOOO 

e^  CO  00  00  CO  cQ  CO  eo  CO 


S3 

o 


o 


■^00O0»»-H0iOCS| 
O^oqCOCOCOUdrH 

^t<^odo6cc>odo6ioo 
C<io:iC^C4e^CQo:icaco 


f3 

o 


oo 
o  o 


O  Ud  o 

ud  c<-  o> 


o  o 


o  o 


ooooooooo 

OlOIAOlOOOOkO 

o  aooot«t«a>ooot«<o 

♦^    THiHiHiHTHCaiHTHrH 


OlOOUdlOOdOOOCSI 
g    t<;C4OOC0iH00C000 

o  CQUdcooo^oot^^kd 


o 


ooooudcsiTHcoo^eq 
io<«««ot«oco^ooa) 


04 


00 

00 
CO 


00 
iH 

CO 

00 


CO 

««• 

00 

CO 
CO 

• 

cq 


en 


en 

CO 


CO 
CO 


CO 


lO 


CO  00  lA  CO  0»  C9  t«  C>  r«   CO 

Cb-cooooost-^cqr-   oo 

rt  •••••••••I, 

2b-iHt«OOTHCllOr-lO       O 

i-tciiHTHcq&ie^csacs)   lo 


CO  t^  OO  O)  O  i"t  C4  eO  "^  m 

OOOOr-«T-li-lr-liH  gj 

O)  Ob  A  O)  O)  Od  O)  O  0>  "^ 

r-l  f-l  tH  T-4  1-1  ^  1-1  ri  tH  •< 


o 

o 


CO 

c 

o 

•^•t 

■*^ 

K 

o 
oo 

• 

W1i 

«o 

dS 

lO 

«  0) 

00 

ihT3 

t* 

Oc 

"* 

.3 

««■ 

lO 

^>* 

■ 

S5 

00 

9(0 

00 

00.0 

4^ 

O 

.*fc* 

feft 

O) 

SJS 

O) 

? 

• 

^  4) 

^^ 

oo 

H«3 

CO 

S 

«•■ 

&5 

c> 

39 

C9 

^1 

gJS 

« 

J5* 

o 

• 

o 

•O** 

• 

5*- 

iH 

•a*-" 

•»■ 

..2 

• 

«0 

o 

• 

S3 

4) 

t* 

H 

C) 

03 

«fi 

u 

•»- 

•  ^ 

D, 

B 

• 

So 

*•» 

Js*j 

B 

S^c 

O 

o  « 

E 

• 

dr* 

t- 

^d 

^f* 

«a 

^^ 

«  o 

O 
lO 

^'C 

CO 

?;*- 

ca 

?.  c 

«^o 

s 

^i 

t« 

B  *- 

'oo 

00 

• 

00 

B 

kS 

O 

33 

04 

CO 

to 

OS 

o 

t*  ^ 

A 

&.< 

fH 

• 

i-\ 

•*' 

en 

■ 

o» 

« 

r^     h 


The  Protein  Requirements  of  Dairy  Cows 


133 


It- should  be  remembered  that  on  the  average  baled  hay  is  worth 
$2  more  than  is  unbaled  hay.  Freight  rates  and  carriage  from  farm 
to  Burlington  and  to  Boston  should  also  be  considered.  Furthermore, 
No.  1  sales  hay  is  not  a  cow  hay  but  timothy  hay.  A  careful  considera- 
tion of  these  various  figures  led  to  the  conclusion  that  a  charge  of 
$10.50  a  ton  for  all  hays  fed  at  the  bam  was  a  reasonably  accurate 
figure,  a  fair  approximation  to  the  truth.  The  average  silage  carried 
approximately  30  percent  of  the  digestible  dry  matter  content  of  the 
average  hay.  Thirty  percent  of  $10.50  is  $3.15.  It  seems  reasonably 
safe  to  allow  $3.25  a  ton  for  silage,  a  material  which,  of  course,  has 
no  specified  market  value.  The  average  apple  ponlace  contained  almost 
the  same  digestible  dry  matter  percentage  as  did  the  average  silage, 
but,  being  a  waste  product,  bought  at  from  50  cents  to  $1  a  load,  it 
seems  fair,  indeed,  liberal,  to  estimate  its  money  value  at  three-fourths 
of  that  of  silage,  i.  e.,  $2.50.  Soiling  crops  were  fed  in  such  small 
.quantities  that  they  cut  almost  no  figure.  Furthermore,  they  were 
very  diverse  in  their  nature  and  composition.  It  is  doubtless  safe  to 
list  them  at  $3.  The  three  grain  rations  calculated  on  the  pre-war 
basis:  Low  protein  $30.28,  medium  protein  $30.98,  high  protein 
$32.82.  Pasture  used  to  be  estimated  20-30  years  ago  at  50  cents  per 
cow  per  season.     It  would  seem  safer  to  list  it  now  at  least  at  75  cents. 

In  this  connection  it  is  interesting  to  compare  the  1921  costs  of 
the  four  concentrate  rations  on  the  basis  of  the  figures  given  in  the 
above  table  as  follows : 

Cost  per  100 
Digrestlble  Digestible         lbs.  digestible 

Cost  nutrients  protein  nutrients 

lbs.  lbs. 

Very  low   $30.50  77.8  •       8.3  $1.96 

Low 30.68  70.4  10.  2.18 

Medium    35.68  68.8  17.4  2.56 

High   40.92  72.  24.1  2.84 

It  will  be  noted  that  whereas  the  "spread"  in  pre-war  days  between 
the  cost  of  the  low  and  high  protein  rations  was  only  $2.54,  it  was 
$10.24  in  1921. 

Using  the  figures  at  the  bottom  of  tables  A  and  C,  B  and  D  as 
units,  and  disregarding  pasture  usage  and  cost  which  were  essentially 
identical  in  each  instance,  we  have  the  following  comparisons : 
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Average  daily  yield 

Ratio  food  to  production: 

One  cent's  worth  food 
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Entire  year  (365  days) 

Low   protein... 

17.645 

16.60    2.37     1.54     0.83 

0.940     0.134 

0.087 

0.047 

Medium  protein 

17.364 

1G.52     2.41     1.55     0.86 

0.952     0.139 

0.089 

0.050 

High    protein.. 

18.151 

17.11     2.46     1.60     0.86 

0.943     0.135 

0.088 

0.047 

Winter  feeding  period  (210  days) 

Low   protein... 

20.505 

15.71     2.18     1.45     0.74 

0.766     0.106 

0.071 

0.036 

Medium  protein 

20.572 

15.12     2.16     1.41     0.75 

0.735     0.105 

0.068 

0.037 

High    protein. . 

20.957 

16.13     2.31     L52     0.80 

0.770     0.111 

0.072 

0.038 

During  the  entire  year  the  cows  eating  the  medium  ration  made 
per  unit  cost  the  most  product,  gains  being  for  milk  and  solids  re- 
spectively 0.9  and  2.9  percents  over  the  high  and  1.3  and  3.6  percents 
over  the  low  protein  ration.  During  the  winter  months,  however,  the 
first  (for  the  entire  year)  is  last,  although  the  last  is  not  first.  The 
high  protein  ration — in  terms  of  dollars  and  cents — proved  to  be  the 
more  efficient  milk  maker,  the  gains  for  milk  and  solids  being  respect- 
ively, as  compared' with  the  low  protein  ration  0.5  and  4.5  percents, 
with  the  medium  protein  ration  4.5  and  5.4  percents.  The  reason  why 
the  medium  protein  ration  did  slightly  better  during  the  full  year  than 
its  competitors  is  that  the  cows  so  fed  ate  a  little'  less  digestible  dry 
matter  than  did  their  mates. 

The  writer  once  again  reiterates  his  belief  that  these  figures  have 
very  little  value,  points  out  that  they  are  based  on  pre-war  prices,  and 
trusts  that  no  one  will  take  them  too  seriously.  Obviously,  from  the 
economic  point  of  view,  the  value  of  the  three  rations  was.pretty  much 
the  same  when  prices  for  roughages  and  concentrates  were  normal. 

It  should  be  understood  that  these  rations  were  not  constructed 
with  a  view  of  saving  money  or  making  cheap  feeds;  otherwise  so 
costly  a  concentrate  as  ground  oats  would  not  have  been  used.  The 
reasons  dictating  their  choice  are  set  forth  on  pages  28  to  29.  The 
production  value  of  units  of  digestible  dry  matter  or  digestible  protein 
derived  from  different  sources  are  sufficiently  unlike  so  that  it  would 
have  been  quite  possible  for  the  writer  to  have  formulated  other  rations 


The  Protein  Requirements  of  Dairy  Cows  135 

carrying  much  the  same  contents  of  digestible  protein  and  other 
nutrients,  using  other  concentrates,  rations  which  might  have  been  less 
costly,  which  might,  indeed,  have  been  better  milk  makers.  Such  con- 
siderations tend  still  further  to  minimize  the  value  of  monetary  calcu- 
lations. 

The  testimony  of  both  the  long  term  and  the  short  alternation 
trials  is  to  the  general  effect  that  the  differences  in  production  values 
between  the  three  rations,  excluding  the  very  low  ration,  were  rela- 
tively minor,  that  is  to  say,  they  were  within  a  5  percent  limit  of 
extremes.  It  would  seem,  therefore,  looked  at  from  the  economic 
standpoint,  that  the  matter  resolves  itself  into  a  study  of  relative  prices. 

If,  therefore,  at  any  time  a  concentrate  ration  which,  when  fed  in 
conjunction  with  mixed  hay  and  silage,  furnished  from  1.75  to  2  pounds 
of  digestible  protein,  that  is  to  say  a  ration  which  in  its  entirety  might 
reasonably  be  looked  upon  as  a  medium  protein  ration,  under  the  market 
conditions  then  prevailing  is  found  to  be  less  costly  than  is  one  carrying 
from,  let  us  say  2.25  to  2.5  pounds  digestible  protein,  that  is  to  say  a  ra- 
tion which  might  justifiably  be  held  to  be  a  high  protein  ration,  so  be  it 
that  essentially  identical  amounts  of  digestible  nutrients  are  fed  in  each 
case ;  then  under  such  conditions,  the  former  is  to  be  preferred  to  the 
latter,  for  the  reason  that  production  may  be  assumed  to  be  likely  to  be 
much  the  same  in  either  case.  In  1906-1914,  the  concentrate  portion  of 
the  former  ration  cost  on  an  average  $1.84  per  ton  less  than  did  the  con- 
centrate portion  of  the  latter  ration;  and  in  1921,  the  former  cost  $5.24 
less  than  did  the  latter.  Consequently,  the  medium  protein  ration  is 
to  be  prefered  to  the  high  protein  ration  under  such  circumstances, 
looked  at  from,  the  point  of  view  of  economics. 

Furthermore,  if  at  any  time  a  concentrate  ration  which,  when 
fed  in  conjunction  with  mixed  hay  and  silage,  furnished  from  1.35 
to  1.5  pounds  of  digestible  protein,  that  is  to  say  a  ration  which  might 
reasonably  be  looked  upon  as  a  low  protein  ration,  under  the  market 
conditions  then  prevailing  is  found  to  cost  less  than  95  percent  of  what 
either  a  medium  or  high  digestible  protein  ration  as  defined  in  the  last 
paragraph  would  cost,  so  be  it  that  essentially  identical  amounts  of 
digestible  nutrients  are  fed  in  each  case ;  then  under  such  cdtiditions  the 
low  protein  ration  is  to  be  preferred  to  either  the  medium  or  the  high 
protein  ration  for  the  reason  that  while  it  might  be  expected  to  produce 
a  somewhat  smaller  milk  flow  the  shortage  in  production  would  be  less 
than  the  diminution  in  cost.  In  1906-1914,  the  concentrate  portion  of 
the  low  protein  ration  cost  on  an  average  70  cents  a  ton  less  than  did 
the  concentrate  portion  of  the  medium  and  $2.54  less  than  the  concen- 
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trate  portion  of  the  high  protein  ration;  in  1921,  these  figures  were 
respectively  $5  and  $10!24.  Obviously  under  the  conditions  now 
(1921)  obtaining  the  low  protein  ration  is  greatly  to  be  preferred. 

The  statements  in  the  two  above  paragraphs  should  be  construed, 
however,  as  being  limited  by  the  following  proviso,  namely,  that  in 
each  case  the  continued  well-being  of  the  animal  is  maintained,  that  the 
prolonged  feeding  of  such  a  ration  does  not  imperil  the  physical  condi- 
tion of  the  animals.  In  these  trials  extending  over  a  long  series  of 
years,  the  low  and  medium  protein  rations  were  at  least  as  good  or  if 
not  better  than  the  high  protein  ration  in  this  respect  (see  page  62). 

The  plant  food  contents  of  the  rations  containing  2  and  2.5  pounds 
digestible  protein  are  necessarily  greater  than  of  that  containing  but 
1.5  pounds  of  digestible  protein.  The  consumption  of  the  home  grown 
roughages  by  the  cows  of  these  several  groups  was  essentially  iden- 
tical and  the  plant  food  contents  of  the  same  were  naturally  simi- 
larly identical.  The  concentrate  consumption  was  also  very  much  the 
same  among  the  various  groups  in  so  far  as  their  total  and  digestible 
dry  matter  contents  were  concerned;  but  the  plant  food  contents  in 
these  grain  rations  were  not  identical,  being  respectively:  low  protein 
2.11,  1.84  and  1.03 ;  medium  protein  3-18/  2.05  and  1.23 ;  and  high  pro- 
tein 4.24,  2.13  and  1.37  percents  of  nitrogen,  phosphoric  acid  and 
potash.  The  medium  protein  ration  carried  a  percent  more  nitrogen 
and  0.20  percent  more  each  of  phosphoric  acid  and  potash  than  did  the 
low  protein  grain  ration  and  carried  a  percent  less  nitrogen  and  0.10 
percent  less  each  of  phosphoric  acid  and  potash  than  did  the  high  pro- 
tein grain  ration. 

In  the  early  days  of  these  trials,  at  the  prices  then  obtaining  for 
plant  food  in  commercial  fertilizers,  a  100  pound  sack  of  the  medium 
protein  grain  ration  contained  about  30  cents  worth  of  plant  food  in 
excess  of  that  contained  in  a  similar  sack  of  the  low  protein  grain 
ration,  and  the  high  protein  grain  ration  60  cents  worth  in  excess  of 
the  low  and  30  cents  worth  in  excess  of  the  medium  protein  grain 
ration.  During  late  war  and  post-war  days  these  figures  were  nearly 
75  cents,  $1.50  and  75  cents. 

Duringthese  12^4  years  of  experimental  trials,  there  were  brought 
onto  the  farm  and  fed  to  the  cows  approximately  140  tons  of  wheat 
bran,  80  tons  of  ground  oats,  15  tons  of  gluten  feed,  35  tons  of  hominy 
feed,  60  tons  of  cottonseed  meal,  40  tons  of  linseed  meal,  15  tons  of 
com  and  cob  meal.  These  furnished  in  round  figures  340  tons  of  dry 
matter,  250  tons  of  digestible  dry  matter  and  75  tons  of  total  and 
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55  tons  of  digestible  protein.  The  385  tons  of  concentrates  contained, 
furthermore,  approximately,  12  tons  of  nitrogen,  7^^  tons  phosphoric 
acid,  4^  tons  of  potash.  In  the  early  days  of  the  trial,  nitrogen  cost 
delivered  in  Vermont  about  30  cents  a  pound;  phosphoric  acid  from 
3  to  7  cents,  according  to  its  availability,  and  potash  about  6J^  cents. 
In  1919,  these  cost  respectively  about  70,  10  and  25  cents. 

If  it  is  assumed  that  these  plant  nutrients  are  worth  as  much  as 
those  furnished  in  commercial  fertilizers — an  assumption  which  per- 
haps is  not  fully  justified — ^the  plant  food  thus  brought  onto  the  Uni- 
versity Farm  was  worth  in  the  early  days  nearly  $700  a  year  and  in  the 
later  days  more  than  $1,600  a  year;  that  is  to  say,  it  would  have  cost 
these  sums  to  have  bought  similar  amounts  of  plant  food  in  the  form 
of  commercial  fertilizers  in  the  manner  in  which  commercial  fertilizers 
are  usually  bought  by  farmers.  Of  course  a  relatively  large  amount 
of  nitrogen  as  compared  with  phosphoric  acid  and  potash  was  bought — 
doubtless  more  than  was  needed.  Of  course  the  cows  took  some  toll. 
Of  course  some  was  sold  from  the  farm  in  the  form  of  cream  and 
butter  sales — little  or  no  milk  being  sold.  Of  course  losses  occurred, 
due  to  fermentation,  leaching  and  the  like.  But  a  large  proportion 
of  this  plant  food  doubtless  reached  the  soil. 

In  the  early  days  of  these  trials,  the  concentrates^-other  than 
ground  oats,  which  were  relatively  costly  but  which  were  used  for  a 
specific  purpose — cost  about  $31  a  ton.  During  the  later  war  years 
and  in  those  immediately  succeeding  the  armistice  they  averaged  to 
cost  more  than  twice  that  sum.  The  average  annual  purchase  at  the 
outset  amounted  to  more  than  $1,000;  during  later  years  it  was  nearly 
$2,500.  If,  however,  one  keeps  in  mind  that  when  one  buys  concen- 
trates, one  purchases  cow  food  and  crop  food  with  the  same  dollar,  and 
if  one  is  as  careful  with  the  crop  food,  i.  e.,  the  manure,  as  he  is  with 
the  cow  food,  i.  e.,  the  feed,  and  if — a  most  important  if — ^the  cows  are 
worthy  of  the  name  and  are  good  producers,  the  return  in  increased 
human  food,  i.  e.,  milk,  and  in  increased  cow  food,  i.  e.,  crops  grown 
on  well  manured  soil,  may  be  so  satisfactory  that  the  purchase  of  con- 
centrates even  at  high  prices  may  prove  a  profitable  operation. 

VIII.    THE  NORMAL  SHRINKAGE  IN  THE   MILK   FLOW 

DUE  TO  ADVANCING  LACTATION 

Among  the  items  of  information  sought  in  these  trials  was  the 
rate  of  normal  shrinkage  in  milk  yields  and  the  relation  of  the  various 
protein  rations  to  such  shrinkage.  Records  of  305  complete  lactations 
are  at  hand  for  use  in  the  comparison  and  are  presented  herewith : 
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This  mass  of  data  seems  to  warrant  the  following  conclusions: 

(1)  During  the  first  ninth  months  of  the  lactation  of  cows  served 
approximately  three  months  after  normal  calving,  the  tendency  is  for 
them  to  yield  month  by  month  approximately  %o  of  the  milk  flow 
of  the  preceding  month,  this  figure  being  perhaps  a  bit  low  of  truth 
during  the  first  half  of  this  period;  and  during  the  tenth  to  twelfth 
month  to  yield  month  by  months  %  of  the  milk  flow  of  the  preceding 
month  (based  on  200  complete  lactation  records). 

(2)  During  the  year  of  lactation  following  abortion,  the  milk 
yields  averaged  month  by  month  to  be  approximately  93  percent  of  the 
flow  of  the  preceding  month  (based  on  28  complete  lactation  records ; 
18  cows  served  an  average  of  98  days  after  abortion;  10  farrow). 

(3)  During  15  months'  lactation  following  calving,  the  milk  flow 
of  farrow  cows  averaged  month  by  month  to  be  approximately  i%4 
of  the  yield  of  the  preceding  month  (based  on  77  lactation  records). 

In  the  Ninth  Report  of  this  Station — ^pages  165-166 — ^appear 
tables  setting  forth  the  records  of  94  lactations  of  spring  and  fall  cows. 
No  statement  occurs  as  to  whether  or  not  the  cows  were  kept  farrow 
or  were  served.  However,  in  view  of  the  fact  that  during  the  tenth 
month  following  calving  the  average  cow  was  giving  52  percent  of  the 
yield  of  her  first  month,  it  would  seem  that  many  of  the  cows  must 
have  been  farrow  or  bred  when  relatively  far  along  in  lactation.  The 
shrinkage  factor  is  ^%4,  as  in  the  case  of  the  77  farrow  cows  cited. 

Not  much  can  be  said  as  to  the  relation  of  the  different  rations 
to  the  retardation  of  the  shrinkage  in  milk  flow.  The  many  normal 
calving  and  service  records  displayed  in  the  early  pages  of  this  bulletin 
indicate  a  slight  preponderance  in  favor  of  the  high  protein  ration, 
whereas  the  farrow  cows  fed  the  low  protein  ration  shrank  very  much 
more  slowly  than  did  those  fed  the  other  two  rations.  It  is  at  least  a 
moot  point  whether  bovine  individuality,  rather  than  diversity  of  feed- 
ing practise,  is  not  responsible  for  such  variation  as  was  observed. 

IX.    THE    DEPRESSIVE    EFFECT    OF    ABORTION    UPON 

THE  MILK  FLOW 

Abortion  occurred  all  too  frequently.  No  less  than  28  of  the 
305  lactations  followed  this  mishap.  And  the  nature  of  the  trials  was 
such  that  the  damage  thus  wrought  exceeded  9  percent,  i.  e.,  305 :  28. 
However,  since  this  malady  did  afflict  the  herd,  one  may  as  well  make 
use  of  the  misfortune.    Ample  data  are  at  hand  enabling  another 
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measurement  of  the  direct  loss  in  milk  yield  due  to  abortion  by  com- 
paring  milk  yields  and  qualities  in  adjacent  lactations  in  which  normal 
calving  and  abortion  occurred. 

Twenty-one  cows  were  concerned.  In  one  instance,  Nesbit,  a 
very  inferior  animal,  kept  only  because  the  exigencies  of  the  main- 
tenance trials  necessitated  it,  almost  as  much  milk  was  given  following 
abortion  as  in  one  adjacent  normal  lactation  and  more  than  half  as 
much  again  as  in  another.  However,  its  fat  content  was  very  greatly 
depressed,  an  unusual  occurrence.  In  another  instance,  Altje,  a  heavy 
milking  grade  Holstein,  did  just  as  well  following  abortion  as  she  did 
in  the  two  lactations  preceding  and  following  this  mishap;  and  the 
quality  of  her  milk  was  not  altered.  However,  she  had  had  a  long 
rest  from  milk  making  prior  to  abortion,  which  may  account  for  the 
anomalous  result.  The  other  19  cows  made  from  7  to  46  percent 
less  milk  after  abortion  than  they  did  after  adjacent  normal  calvings, 
the  same  number  of  weeks  being  listed  in  each  instance.  The  average 
shortage  for  21  cows  was  22  percent.  It  should  be  borne  in  mind  in 
this  connection  that  every  cow  which  aborted  had  necessarily  been 
served,  but  that  following  abortion,  only  two-thirds  of  them  were 
served.  This  causes  a  slight  advantage  to  accrue  to  the  abortion 
figures,  which  theoretically,  should  on  this  account  be  slightly  increased. 
This  means,  in  other  words,  that  the  22  percent  average  shortage  in 
milk  Aow  to  a  slight  extent  is  an  understatement.  Inevitably  the  two 
sides  of  the  equation  could  not  be  made  uniform. 

A  comparison  of  divergences  from  normal  in  the  quality  of  the 
milk  flow  following  abortion  indicated  that  the  trend  was  as  follows: 

Total  solids   increased  52% ;  decreased  33% 

Fat increased  62% ;  decreased  29% 

Casein  and  albumin increased  67% ;  decreased  29% 

Milk  sugar increased  19% ;  decreased  57% 

The  average  result,  including  the  anomalous  Nesbit  data,  in- 
dicates that,  following  abortion,  total  solids,  fat  and  casein  and  albumin 
increased  each  approximately  0.20  percent  and  milk  sugar  decreased 
approximately  0.25  percent.  These  results  are  in  line  with  those  here- 
tofore reported  at  this  Station.^ 

There  appeared  to  be  no  relation  between  the  nature  of  the  grain 
ration  and  abortion ;  that  is  to  say,  this  misfortune  seemed  to  be  in  no 
ways  related  to  the  feeding  of  different  amounts  of  protein. 

In  this  connection,  reference  may  be  made  to  the  frequent  failure 


>  Vt  Sta.  Rpts.  6.  pp.  114-119   (1892)  ;  9.  pp.  184-186   (1895). 
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to  breed,  to  sterility.  This  seriously  affected  the  conduct  of  the  pro- 
tein and  maintenance  (bulletin  226)  trials.  A  careful  study  of  the 
records  did  not  lead  the  writer  to  conclude  that  any  necessary  corre- 
lation existed  between  sterility  on  the  one  hand  and  the  use  of  any 
particular  ration  upon  the  other. 

X.     THE  EFFECT  OF  ABRUPT  CHANGES  IN  RATIONING 

UPON  THE  MILK  FLOW 

Necessarily  many  changes  in  rations  occurred  during  the  course 
of  the  short  alternation  trials  (1906-1913).  At  five-week  intervals 
the  cows  were  shifted  abruptly  from  one  ration  to  another,  from  the 
low  protein  to  the  high  protein,  for  example.  Very  few  changes  were 
made  involving  material  alterations  in  the  intake  of  total  dry  matter 
or  digestible  nutrients,  but  the  digestible  protein  intakes  were  con- 
siderably altered,  and  altered  abruptly,  being  increased  when  the  change 
was  made  from  as  little  as  %  to  as  much  as  %  and  decreased  when 
the  change  was  made  for  from  as  little  as  %  to  as  much  as  %. 

The  results  secured  by  comparing  394  records  of  the  milk  flows 
of  adjacent  weeks  preceding  and  following  abrupt  and  decided  changes 
in  the  digestible  protein  intakes,  are  shown  in  the  subjoined  table. 

Number      One  week's  Number  of  records 

Protein  ration        of  record       milk  flow  Gains  Losses        No  change 

lbs. 

Low    65  103.7 

Medium    65  104.1 


Percentage  ± 

Medium    65 

Low   65 


Percentage  ± 

Medium    56 

High    56 


Percentage  ± 

High    56 

Medium    56 


+0.4 

-1-0.4% 

26 

40% 

31 

48% 

107.4 
105.1 

14 
22% 

• 

—2.3 

—2.1% 

43 

66% 

107.3 
107.1 

22 
39% 

—0.2 
—0.2% 

21 

38% 

113.3 
108.5 

8 

14% 

—4.8 
—4.3% 

40 

71% 

112.8 
114.7 

8 


13 


8 


Percentage  ± 

Low    76 

High    76 

+1.9  50  18  8 

Percentage  ±....  +1.7%  66%  24% 
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Number      One  week's  Number  of  records 

Protein  ration         of  record      milk  flow  Gains  Losses        No  change 

lbs.  • 

High    76  118.8 

Low    76  115.4 


—3.4  14  65  7 

Percentage  ± — 2.8%  18%  72% 

It  seems  quite  clear : 

(1)  That  when  a  ration  carrying  a  relatively  high  digestible  pro- 
tein content  replaced  one  of  a  relatively  low  digestible  protein  content, 
the  replacement  being  abrupt,  the  total  dry  matter  and  total  digestible 
nutrients  contents  of  each  being  essentially  identical,  an  undiminished 
milk  flow  was  maintained  during  the  initial  week  in  which  the  new 
ration  was  fed,  whereas  the  usual  shrinkage  when  no  change  in  ration- 
ing occurs  approximates  two  percent;  and  that  to  the  extent  of  one 
percent  or  more  the  milk  flows  were  increased  in  %  and  decreased  in 
%  of  the  comparisons,  whereas  in  ^  of  the  comparisons  no  variation 
occurred, 

(2)  That  when  a  ration  carrying  a  relatively  low  digestible  pro- 
tein content  replaced  one  of  a  relatively  high  digestible  protein  content, 
the  replacement  being  abrupt,  the  total  dry  matter  and  total  digestible 
nutrient  contents  of  each  being  essentially  identical,  the  milk  flow 
shrank  as  much  or  more  than  was  to  have  been  expected  had  no  change 
in  rationing  occurred,  to  an  extent,  on  the  average,  of  fully  one  percent 
over  normal  shrinkage ;  and  that  to  the  extent  of  one  percent  or  more 
the  milk  flows  were  decreased  in  %  and  increased  in  Y^  of  the  cases, 
whereas  in  %  of  the  comparisons  no  variation  occurred. 

(3)  That,  apparently,  an  increased  digestible  protein  intake 
tended  slightly  to  retard  the  shrinkage  in  the  milk  flow,  at  any  rate  at 
the  outset  and  to  act  slightly  as  a  milk  stimulus. 

No  efiFect  whatsover  was  noted  in  respect  to  changes  in  the  quality 
of  the  milks,  following  immediately  upon  ration  replacement,  the 
average  total  solid  and  fat  contents  being  identical. 

It  is  well  understood  that  abrupt  and  profound  changes  in  ration- 
ing, such,  for  example,  as  from  a  full  supply  to  a  half  ration  of  digesti- 
ble nutrients,  may  decidedly  aflFect  both  the  quantity  and  the  quality  of 
the  milk  flow.  This  has  been  abundantly  proven,  never  more  con- 
vincingly than  by  Eckles  in  his  studies  of  under-nutrition  and  over- 
nutrition  of  dairy  cows  cited  elsewhere  (pages  177-183).  Apparently 
abrupt  changes  in  the  digestible  protein  intakes  are  not  as  likely  to  be 
reflected  in  the  milk  yield,  provided  no  material  change  is  made  in  the 
digestible  nutrient  intake. 
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XI.    SUMMARY 

Attempting  now  in  summation  to  answer  the  twelve  questions 
stated  at  the  opening  of  the  bulletin,  the  writer  ventures  to  express  the 
following  opinions,  based  on  the  data  presented  in  the  foregoing  pages. 
In  order  more  clearly  to  connect  question  and  answer,  the  former  are 
repeated. 

1.  IV hat  effect  was  wrought  upon  the  milk  flow  by  the  long  con- 
tinued use  of  rations  carrying  either  very  low,  or  relatively  low,  u)r 
medium,  or  high  digestible  protein  contents f 

The  results  which  were  secured  in  the  long  term  trials  seem  to 
justify  the  statement  that  for  some  years  at  least  a  ration  carrying  a 
pound  of  digestible  protein  a  day  per  1,000  pounds  live  weight  may 
serve  the  purposes  of  a  not  over  heavy  milking  cow,  enabling  her  to 
yield  a  reasonable,  though  obviously  not  a  large,  amount  of  milk.  With 
a  full  assurance  of  certainty  this  can  be  said  of  the  use  of  a  ration 
carrying  1.5  pounds  of  digestible  protein  per  day  per  1,000  pounds  live 
weight.  A  ration  carrying  2  pounds  of  digestible  protein  a  day  per 
1,000  pounds  of  live  weight  may  enable  a  cow  to  yield  a  little  more 
but  not  much  more  milk  than  the  two  rations  above  indicated.  It  is 
quite  unnecessary  for  milk  making  purposes  to  increa&e  the  digestible 
protein  content  of  the  ration  to  2.5  pounds  per  day  per  1,000  pounds 
of  live  weight.  ^ 

m 

These  statements  are  predicated  upon  the  results  attained  in  these 
long  time  trials  in  which  cows,  largely  grade  Jerseys,  made  average 
daily  records  approximately  as  follows : 
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872  J 
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• 
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13.5 
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Low 
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Medium 
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144  Bulletin  225 

The  comparisons,  it  should  be  retnembered,  do  not  cross  the  space 
between  the  two  horizontal  lines  of  figures  representing  the  low  ration. 

2.  What  effect  was  wrought  upon  the  physical  condition  and 
health  of  the  cows  which  were  fed  on  a  uniform  diet  for  a  long  series 
of  years?  Was  either  a  relatively  low  digestible  protein  content  on 
the  one  hand  or  a  relatively  high  digestible  protein  content  on  the  other 
inimical  to  their  continued  well-being? 

.  The  cows  which  were  continuously  fed  for  upwards  of  4%  years 
on  the  very  low  digestible  protein  ration,  the  intake  being  barely  a  pound 
daily  per  1,000  pounds  live  weight,  were  not  injured  in  respect  to  their 
physical  condition,  in  so  far  as  the  same  could  be  determined  by  care- 
ful survey.  This  general  statement  holds  for  each  of  the  10  cows  thus 
continuously  fed.  Neither  is  there  definite  information  in  hand  to 
warrant  the  assertion  that  the  continued  feeding  of  the  high  protein 
ration,  2.5  pounds  digestible  protein  a  day  per  1,000  pounds  live  weight, 
was  in  any  respect  injurious.  Yet  it  is  interesting  to  note,  though 
probably  in  nowise  significant  that,  speaking  broadly,  the  cows  to 
which  this  ration  was  fed  tended  to  drop  out  earlier,  to  last  a  shorter 
time  than  those  fed  the  medium  protein  (2  pounds)  or  low  protein 
(1.5  pounds)  rations.  The  writer  lays  no  stress  upon  this  fact — but 
it  is  a  fact. 

3.  What  relation  did  rations  carrying  very  low,  or  low,  or 
medium,  or  high  digestible  protein  contents  bear  to  changes  in  the  body 
weights  of  milking  cows? 

The  cows  which  were  continuously  fed  for  upward  of  4%  years 
on  the  very  low  digestible  protein  ration,  tended  to  lose  live  weight, 
averaging  an  8  percent  loss,  maintaining  their  milk  yields  at  the  expense 
of  body  weight,  their  losses,  however,  being  not  sufficient  to  induce  ema- 
ciation or  unthriftiness.  The  cows  fed  the  low  and  the  medium  diges- 
tible protein  rations  tended  to  gain  in  body  weight  until  approximately 
10  years  of  age.  The  cows  which  were  fed  the  high  protein  ration  put 
on  relatively  little  live  weight  and  tended  as  a  whole  slightly  to  lose  in 
weight  after  the  seventh  year. 

4.  What  were  the  immediate  effects  upon  the  milk  flow  of  rations 
carrying  either  very  low,  low,  medium  or  high  digestible  protein  con- 
tents, as  determined  by  means  of  trials  of  short  duration? 

The  results  which  were  secured  in  the  short  alternation  trials  seem 
to  justify  the  statement  that  the  high  protein  ration  averaged  to  make 
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3.5  percent  more  product  than  the  low  protein,  and  2  percent  more 
than  the  medium  protein  ration,  and  that  the  latter  made  2.5  percent 
more  than  the  low  protein  ration. 

.  5.  Were  the  results  obtained  in  feeding  trials  conducted  for  many 
months  or  years  comparable  with  those  secured  in  trials  of  shorter 
duration? 

On  the  whole  the  results  secured  in  short  alternation  trials  may 
be  expected  to  be  reasonably  parallel  to  those  afforded  by  long-time 
experiments,  provided  the  former  are  carefully  planned,  well  executed 
and  the  number  of  animals  used  is  ample. 

6.  What  was  the  relation  between  the  digestible  nutrients  in  the 
food  and  those  accounted  for  in  maintenance  and  milk  flow,  when 
rations  were-  fed  differing  widely  in  their  digestible  protein  contents? 

The  digestible  protein  utilization  in  milk  making  varies  profoundly 
with  ration  changes  in  respect  to  this  nutrient.  Carbohydrate  utiliza- 
tion similarly  varies  but  inversely  to  and  less  profoundly  than  protein. 
In  several  instances,  using  the  old  time  0.7  pound  digestible  protein 
maintenance  allowance,  recovery  exceeded  100  percent.  Protein  re- 
covery was  essentially  identical  for  thin  and  for  rich  milking  cows. 

7.  What  m<iy  be  said,  in  the  light  of  the  results  in  these  triah 
secured,  touching  existing  feeding  standards? 

Existing  feeding  standards  are  plentiful  in  number  and  some  of 
them  are  reasonably  satisfactory.  The  outcome  of  these  trials  tends 
to  substantiate  those  standards  which  suggest  somewhat  lower  diges- 
tible protein  needs  than  were  set  forth  a  generation  ago;  and  thp  vast 
amount  of  data  in  bulletin  226 — dealing  with  "The  Maintenance  of 
Dairy  Cattle"  likewise  tends  to  uphold  this  statement. 

8.  Was  the  quality  of  the  milk  flow  altered  when  rations  were  fed 
which  contained  widely  divergent  digestible  protein  contents? 

The  total  solid  and  fat  contents  of  the  several  milks  were  un- 
affected by  the  changes  in  rationing,  but  to  a  slight  extent  their  albu- 
minoid contents  were  changed  in  a  direction  parallel  to  the  increase 
or  decrease  in  the  protein  content  of  the  ration. 

9.  What  can  be  said  touching  the  economics  of  milk  and  butter 
production  when  rations  were  fed  which  were  decidedly  unlike  in  their 
digestible  protein  contents? 

The  vageries  of  the  American  feed  markets  are  such  that  it  is 
quite  impossible  dogmatically  to  assert  that  any  one  of  the  four  rations 
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fed,  or  any  other  constructed  with  a  view  of  furnishing  equivalent 
amounts  of  digestible  protein  and  total  digestible  nutrients,  necessarily 
is  always  to  be  preferred — viewed  from  its  standpoint  of  economics. 
However,  as  things  were  in  pre-war  days,  there  was  but  little  to  choose 
between  them,  whereas  nowadays  the  high  protein  ration  is  inordinately 
costly  as  compared  with  the  medium  or  low  protein  rations.  This 
is  doubtless  a  reflex  of  the  abundant  corn  crop  of  1921  and  its  conse- 
quent low  price.  However,  it  should  always  be  borne  in  mind  that, 
other  things  being  equal — ^they  are  far  from  being  equal  at  present 
(1921) — so  be  it  prices  are  not  materially  unlike,  a  more  nitrogenous 
ration  is  to  be  preferred  because  of  its  increased  content  of  plant  food. 

10.  What  is  the  normal  shrinkage  in  bovine  milk  flow? 

The  testimony  which  was  afforded  by  305  complete  lactations  in- 
dicated that  cows  bred  to  calve  12  to  14  months  after  calving  tend  to 
give  month  by  month  %o  of  the  yield  of  the  preceding  month,  for 
nine  months  and  %  of  the  yield  of  the  preceding  month  during  the 
remainder  of  their  'lactation.  Cows  which  have  aborted  or  which 
rwnain  farrow  tend  to  give  month  by  month  ^%4  of  the  yield  of  the 
preceding  month.  These  factors  are  closely  similar  to  those  heretofore 
published.  This  large  amount  of  data  simply  "adds  to  the  present 
stock  of  information" ;  which  was  all  that  it  was  expected  it  would  do. 

11.  To  what  extent  is  the  milk  flow  directly  affected  by  abortion  f 
As  a  result  of  abortion  (28  cases  having  occurred)  the  average 

milk  flow  was  decreased  for  %  to  %  and  the  total  solids,  fat  and 
albuminoid  percentages  increased  about  0.20  percent. 

12.  What  effect  upon  milk  flow  is  wrought  by  abrupt  changes  in 
rationing? 

Based  upon  the  comparison  of  394  instances  of  abrupt  changes  in 
rationing,  the  statement  seems  warranted  that,  provided  no  material 
alteration  occurs  in  the  digestible  nutrient  intake,  abrupt  changes  in 
the  digestible  protein  intake  are  not  likely  to  be  reflected  in  the  milk 
yields. 
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XII.     THE  literature  OF  PROTEIN  USAGE  BY  DAIRY  COWS 

The  literature  of  protein  usage  by  dairy  cattle  is  voluminous.  The 
question  has  been  studied  from  the  early  days  of  scientific  cattle  feeding. 
Armsby's  "Manual  of  Cattle  Feeding"' (1880),  represents  the  first  connected 
and  systematic  attempt  to  present  the  results  of  European  experience  to 
American  readers.  It  cites  Wolffs  (1868)  studies  and  Kuhn*s  (1877)  more 
extensive  trials.  Armsby  states  that  Kiihn's  results  "show  plainly  that  a 
liberal  supply  of  protein  in  the  food  favors  an  abundant  production  of  milk; 
and  that  this  conclusion  is  confirmed  by  a  large  number  of  other  investi- 
gators." 

Since  1880,  and  particularly  since  the  establishment  of  the  American 
Experiment  Station  system,  much  work  has  been  done.  It  has  seemed 
worth  while  to  attempt  to  collate  the  results  and,  consequently,  with  the 
Experiment  Station  Record  as  a  guide,  the  writer  (J.  L.  H.)  has  tried  to 
review  the  published  statements  concerning  feding,  trials  with  dairy  cattle 
from  1888  to  the  May,  1921,  issue  E.  S.  R.  In  so  far  as  possible  he  has 
sought  access  to  the  original  publications.  This  he  was  able  to  do  with  all 
American  and  Canadian  material  and  with  some  from  foreign  countries. 
Most  of  the  forefgn  matter  was  inaccessible  and  much  of  it  unreadable — ^by 
him — even  if  accessible.  In  these  instances  he  has  relied  upon  the  E.  S.  R. 
abstracts. 

The  review  does  not  pretend  to  be  complete.  Undoubtedly  publications 
have  been  overlooked  which  should  have  been  included. 

The  Goats 

No  statement  whatsover  is  made  concerning  many  hundreds  of  trials, 
the  results  of  which  were  carefully  surveyed  by  the  writer.  Sometimes  no 
analyses  of  fodders  and  feeds  were  made.  Sometimes  the  milks  were  not 
analyzed.  In  some  instances  conditions  other  than  feed  changes  were  not 
controlled,  indeed  the  existence  and  relationship  of  some  such  are  often 
naively  confessed.  In  one  instance,  the  title  of  the  40-page  bulletin  included 
the  words  "milk  production,"  yet  the  word  "milk"  does  not  occur  in  the 
text  from  beginning  to  end.  In  some  cases  fodder  and  feed  analyses  are  given 
without  digestion  coefficients  and  without  attempt  to  indicate  digestible 
nutrient  consumption.  And  in  multitudinous  cases  the  feeding  periods  have 
been  too  brief  to  afford  valid  results  or  in  other  respects  the  conduct  of  the 
trial  has  been  inadequate. 

In  a  few  instances  the  writer  has  been  forced,  using  the  data  presented 
in  the  -publication  under  review,  as  it  were  to  reverse  the  findings  as  printed. 
He  has  been  very  loath  to  do  this  and  has  studied  the  data  from  every 
angle  with  all  sorts  of  cross  checks,  so  as  to  be  certain  that  he  did  not  mis- 
interpret the  findings  as  stated. 

In  one  case  the  asserted  outcome  was  at  utter  variance  with  the  pub- 
lifihed  data,  due  to  palpable  errors  in  addition,  multiplication  and  division. 

Another  flagrant,  indeed  an  almost  amusing,  instance  of  non-coordination 
of  fact  and  flnding  may  be  cited.  In  a  certain  publication  the  results  are 
expressed  in  terms  of  gallons  of  milk  and  pounds  of  butter,  as  follows: 
Ration  A,  1,720  gallons  and  558  pounds;  ration  B,  1,322  gallons  and  397 
pounds;  and  yet  the  statement  is  made  that  "it  is  quite  fair  to  conclude  that 
the  results  so  appareqUy  favorable  to  (B)  were  due  to  the  fact  that   (A) 
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was  badly  balanced."  The  aiH»arexitl7  fayorable  results  were  purely  finan- 
cial, purely  temporary;  and  because  the  roughage  in  (B)  was  arbitrarily 
rated  at  a  lower  cost  than  that  in  (A)  the  fact  that  A  made  30  potent 
more  milk  and  40  percent  more  butter  was  concealed  in  the  text  though  set 
forth  in  the  tabulation.  Indeed  A's  greater  productive  power  was  specifically 
decried;  and  this  after  the  American  experiment  station  system  had  been  in 
operation  for  more  than  a  quarter  of  a  century. 

Eight  fodders  and  feeds  were  used  in  a  certain  trial.  Three  were 
analyzed,  but  no  clue  is  furnished  as  to  the  analyses  of  five;  yet  the  diges- 
tible nutrients  of  each  are  indicated.  HowcTer,  if  average  analyses  and  the 
usual  digestive  coefficients  were  employed,  no  such  figures  published  as  diges- 
tible nutrients  are  possible.  If,  on  the  other  hand,  analyses  were  made  and 
the  usual  digestive  coefficients  used,  the  like  of  such  fodders  and  feeds  never 
grew  on  sea  or  land.  And,  to  cap  the  climax,  the  rations  are  carefully  cal- 
culated to  the  third  decimal  and  the  declared  outcome  is  at  variance  with 
the  data. 

One  publication  proved  particularly  interesting.  It  sets  f<nth  th^  out- 
come of  an  eight-weeks  trial  with  18  cows  fed  in  two-week  periods.  The 
results,  of  course,  were  worthless.  However,  the  author  used  over  30,000 
words,  piled  up  fully  12,000  figures  and  constructed  many,*  many  charts  in 
order  to  tell  his  tale.  "And  they  think  that  they  shall  be  heard  for  their 
much  speaking."  The  Experiment  Station  Record  summation  is  mercifully 
brief,  consisting  of  barely  500  words. 

In  this  connection  the  writer  may  say  that  he  does  not  cast  his  stone, 
being  himself' without  sin;  for  much  of  his  own  earlier. work  is  justly  open 
to  criticism,  containing  errors  due  to  ignorance,  to  inexperience  and,  worse, 
to  carelessness. 

The  Method  of  Presentation 

The  method  of  presenting  this  review  has  proved  a  perplexing  matter. 
There  appears  to  be  no  necessary  and  logical  order.  It  seemed  best  at  the 
outset  to  proceed  chronologically,  completing  the  reference  to  a  given  author, 
once  for  all.  However,  later  on  it  was  determined  to  attempt  to  segregate 
the  abstracts  on  the  basis  of  their  more  or  less  direct  relationship  to  the 
protein  problem;  and,  consequently,  they  have  been  assembled,  doubtless  not 
without  error  in  listing,  as  indicated  below,  including  under  the  category  of 
"miscellaneous"  abstracts  of  many  very  important  trials  which,  however, 
did  not  readily  classify. 

More  space  is  allotted  to  three  abstracts  than  to  others,  namely:  the 
results  secured  at  this  Station  from  1896  to  1906;  Haecker's  important  con- 
tribution from  the  Minnesota  Station;  and  Eckles  notable  piece  of  work 
while  at  the  Missouri  Station,  dealing  with  sub-normal  and  super-noormal 
nutrition.  The  Vermont  work  covered  over  2,000  "records"  or  "periods"  of 
feeding  and  both  on  account  of  its  volume  and  because  this  bulletin  is  a 
Vermont  issue  seems  worthy  this  special  consideration.  The  second  repre- 
sents many  years  of  study  and,  consequently,  deserves  particular  attention; 
but  more  especially  is  it  to  be  noted  because  of  the  overemphasis — in  tlie 
writer's  (J.  L.  H.)  judgment — which  has  been  laid  upon  a  certain  phase 
of  the  trials  (see  page  175).  The  third  epitomizes  the  results  of  a  pro- 
longed study  which,  as  a  matter  of  fact,  has  no  marked  relation  to  the 
protein  problem,  but  which  is  of  so  fundamental  a  character  as  to  justify  its 
inclusion.    The  material,  therefore,  is  listed  as  follows: 
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1.  Abstracts  relating  to  digestible  protein  studies  per  se.     (Pages  149- 

164.) 

2.  Abstracts  relating  to  the  effect  of  diverse  rations  upon  the  quality 

of  milk.     (Page  164.) 

3.  Abstracts  dealing  with  trials  in  which  unusually  heavy  feeding  ob- 

tained.    (Pages  164-166.) 

4.  Abstracts  relating  to  the  Vermont  Station  feeding  trials,  1896-1906 

(Hills).     (Pages  166-173.) 

5.  Abstracts    relating    to    the    Minnesota    feeding    trials     (1900-1914), 

(Haecker).     (Pages  173-177.) 

6.  Abstracts  delating  to  the  Missouri  sub-  and   super-normal   feeding 

trials  (Eckles).     (Pages  177-183.) 

7.  Abstracts   relating  to  feeding  trials  of  a  miscellaneous  character. 

(Pages  183-195.) 

8.  Quotations  from  Kellner,  Armsby  and  Woll.     (Pages  195-198.) 

1.    Abstracts  Relating  to  Digestible  Pbdtein  Studies  per  se 

Jordan  (1885)  fed  three  cows  for  12  weeks,  by  the  reversal  system,  on 
rations  of  18  pounds  timothy  hay  and  five  pounds  cornmeal  with  two  pounds 
cottonseed  meal,  replacing  ^n  equal  amount  of  cornmeal  during  two  periods. 
The  rations  furnished  0.9  and  1.5  pounds  of  digestible  protein,  12  and  11.6 
pounds  of  digestible  carbohydrates  and  fat  (x  2^)  and  their  nutritive  ratios 
were  1:13.8  and  1:7.9.  When  cornmeal  replaced  cottonseed  meal  the  yield 
dropped  20  percent.  The  effects  on  fat  percentages  were  discordant.  Body 
weights  were  not  affected. 

He  repeated  the  trials  using  four  cows,  two  fed  clover  hay  and  two 
timothy  hay,  in  other  respects  duplicating  the  earlier  trial.  The  nutrients 
furnished  were  not  calculated.  One  pound  more  of  grain  was  fed  to  the 
cows  than  in  the  previous  trial,  the  figures  for  the  cows  fed  timothy  hay, 
being  approximately  1.0  and  1.8  pounds  digestible  protein,  12.9.  and  12.5 
pounds  of  digestible  carbohydrates  and  fat  (x  2%)  and  nutritive  ratios 
1:12.9  and  1:7.  The  clover  hay-fed  cows  ate  somewhat  more  digestible  pro- 
tein than  those  fed  timothy  hay  and  the  nutritive  ratios  were  somewhat 
narrower  in  each  instance.  The  timothy  hay-fed  cows  shrunk  20  percent  in 
milk  and  the  clover  hay  ones  7  percent  when  cornmeal  replaced  cotton- 
seed meal.  The  fat  percentages  were  not  affected  noticeably,  though  the 
timothy  hay-fed  cows  gave  slightly  richer  milk  on  cornmeal.  Me.  8ta,  Rpts. 
2,  pp.  65-72  (1885);  3,  pp.  84-89  (1886). 

Woll  (1894)  fed  12  cows  for  12  weeks  on  hay,  silage,  wheat  middlings 
as  a  basal  ration  and  either  4.1  pounds  of  linseed  meal,  of  corn  meal  or  of 
bran.  No  analyses  of  the  several  constituents  of  the  rations  were  made. 
However,  using  average  compositions  and  digestion  coefficients,  it  was  esti- 
mated that  the  three  rations  contained  of  total  organic  matter,  digestible 
protein,  digestible  carbohydrates  and  fat  (x  2^),  respectively,  25.5,  25.1  and 
25.6  pounds,  2.6,  1.7  and  2  pounds,  15.7,  16.4  and  15.9  pounds,  and  that  nutri- 
tive ratios  were  1:6,  1:9.5  and  1:8.1.    The  cows  got  plenty  to  eat  in  all  cases. 

Body  weights  were  somewhat  Increased  on  the  latter  two  rations.  No 
material  advantage  appeared  in  respect  to  milk  yield  in  favor  of  either 
ration,  such  little  as  did  appear  favoring  the  linseed  meal  ration.  The  fat 
percentage  of  the  milk  made  on  the  corn  ration  was  slightly  less  than  that 
made  when  linseed  meal  or  bran  were  fed.  Wis.  8ta,  Rpt.  11,  pp.  llS-130 
(1894);  Alstr.  E.  8,  R,  8,  pp.  3S5-S36  (1896). 
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Carlyle  and  Woll  (1903)  discuss  tlie  protein  requirements  of  dairy  oows, 
following  a  review  of  a  five-years*  trial  of  low,  medium  and  high  protein 
feeding  of  38  cows  in  which  1,000-pound  animals  received  on  the  average 
respectively  1.52,  1.84  and  2.23  pounds  digestible  protein.  Only  10  cows  ate 
more  than  2  pounds  dally;  yet  25  produced  over  300  pounds  of  fat  yearly. 
The  "best"  producers,  making  approximately  8,500  pounds  of  milk  and 
350  pounds  of  fat,  ate  during  the  winter  25.3  pounds  total  dry  matter,  2.05 
pounds  digestible  protein,  15.2  pounds  digestible  carbohydrates  and  fat 
(X  2^4) — ^nutritive  ratios  averaging  1:7.4.  The  relatively  low  producing 
cows,  giving  approximately  6,100  pounds  of  milk  and  290  pounds  fat,  ate  on 
the  average  21.1,  1.56  and  12.2  pounds,  the  nutritive  ratios  averaging  1:7.8. 

.  After  referring  to  the  Wolff  and  the  Wolff-L^mann  protein  feeding 
standards  (2.5  pounds  digestible  protein  per  1,000-pound  cow  in  full  milk; 
1.6  to  3.3  pounds  per  1,000-pound  cows  giving  from  11  to  27.6  pounds  of 
milk)  they  aflirm  their  belief  that  "under  average  American  conditions  a 
protein  supply  of  2.2  pounds  per  head  per  day  is  sufficient."  They  point 
out  that  "the  average  amount  of  protein  supplied  in  the  dairy  rations  of 
all  the  cows  (in  the  Wisconsin  Station  herd)  during  four  years  had  been 
1.85  pounds  *  *  *;  (that)  a  number  of  the  cows  received  less  than  1.5 
pounds  digestible  protein  per  day  calculated  on  1,^00  pounds  live  weight  on 
the  average  of  all  winter  periods  and  produced  over  300  iK)unds  butter  fat 
annually."  They  cite  the  record  of  a  cow  averaging  during  four  years  1,002 
pounds  live  weight  that  produced  343  pounds  of  butter  fat  yearly  and  re- 
ceived 1.48  pounds  of  digestible  protein  in  her  daily  ration  during  the 
winter  periods.  They  state  they  "are  Inclined  to  believe  that  only  heavy- 
producing  cows  will  give  economical  returns  for  a  supply  of  more  than  two 
pounds  of  digestible  protein  per  day  •  •  •  and  in  the  majority  of 
Instances,  with  average  good  dairy  cows,  a  supply  somewhat  less  than  this 
will  be  found  most  economlcaL"  Wis.  Sta.  Bui.  102,  j^.  83^  (190S);  Ahstr. 
E.  S.  R.  15,  M>.  502-604  (1904).    , 

Woll  and  Humphrey  (1910)  report  concerning  nine  years*  feeding  in  the 
University  of  Wisconsin  herds,  wherein  during  two  periods  of  three  years 
each,  rations  of  a  medium  digestible  protein  content — ^nutritive  ratios  1:7 
or  wider — ^were  fed,  whereas  in  the  Intermediate  3-year  period  somewhat 
narrower  rations — ^nutritive  ratios  ^proximating  1:6  were  used.  Farm 
grown  and  commercial  grains  were  used  in  both  Instances,  but  in  the  latter 
case  relatively  more  oU  meal,  distillers'  and  brewers'  dried  grains  were  fed. 
Roughages  were  reasonably  constant  as  to  their  character,  being  in  the  main 
mixed  clover  and  timothy  hay  and  com  silage.  The  average  data  may  be 
concisely  expressed  as  follows: 
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Of  course  cows  came  and  cows  went,  27  animals  contributing  to  from 
3-  to  8-year  records.  The  authors  conclude  that  in  these  trials  rations  carry- 
ing medium  protein  contents  (i.  c,  1:7.4  nutritive  ratio)  proved  on  the 
whole  more  economical  and  more  effective,  both  absolutely  and  relatively, 
than  rations  carrying  relatively  high  protein  contents  approaching  the  Ger- 
man standard  rations  (1:6.2).  No  ill  effects  of  either  ration  on  animal  well- 
being  was  noted,  nor  was  there  any  material  effect  exerted  upon  body  weights, 
although  some  slight  tendency  was  observed  towards  the  putting  on  of 
weight  during  the  feeding  of  the  medium  protein  ration.  Yet,  notwithstand- 
ing, the  authors  stress  the  need  of  liberal  protein  supplies  in  the  production 
of  large  milk  flows  and  state  that  in  these  trials — speaking  broadly — "the 
larger  the  production,  the  more  feed  the  cows  ate  and  the  narrower  the 
nutritive  ratio  became." 

A  significant  feature  of  the  outcome  is  that  the  medium  protein  rations 
were  composed  of  farm  grown  feeds,  supplemented  with  mill  feeds  and  only 
small  amounts  of  high  protein  concentrates.  Wis.  8ta.  Rsch.  Bui  IS  {1910) ; 
also  Bui.  200  (1910);  Ahatr.  E.  8.  R.  25,  pp.  79-80  (1911). 

Woll,  Humphrey  and  Osterhaus  (1914)  fed  during  three  summers  24, 
26  and  22  cows  for  84,  70  and  91  days  by  the  group  method,  comparing  in 
each  instance  hay  and  a  grain  mixture  supplemented  by  either  silage  or  soil- 
ing crops.  The  latter  consisted  of:  clover,  peas  and  oats,  odts,  sweet  corn 
and  corn,  peas  and  oats.  All  the  cows  had  access  to  pasture  limited  in  area 
and  amount.  The  grain  fed  consisted  of  distillers'  dried  grains,  bran,  oats 
and  corn  meal.  The  silage-fed  cows  ate,  above  their  pasture  feeding,  from 
12.1  to  1&.7  pounds  of  total  dry  matter,  from  1.1  to  1.7  pounds  of  digestible 
protein,  from  7.8  to  9.4  pounds  of  digestible  carbohydrates  and  fat  (x  2%) 
and 'nutritive  ratios  ranged  from  1:5.6  to  1:8.6.  The  cows  fed  soiling  crops 
ate,  over  and  above  pasture,  11.4  to  15.3  pounds  of  total  dry  matter,  1.2  to 
1^8  pounds  of  digestible  protein,  7.1  to  9  pounds  of  digestible  carbohydrates 
and  fat  (x  2^4)  and  nutritive  ratios  ranged  from  1:5  to  1:7.2. 

The  outcome  of  the  three  years'  work  was  identical,  the  average  daily 
milk,  solid  and  fat  yields  being  22.5  and  22.6,  2.97  and  2.96,  0.94  and  0.92 
pounds.  Live  weights  were  not  affected.  The  silage  rations  were  the  wider, 
1:6.9  and  1:5.8,  and  furnished  3  percent  more  total  dry  matter.  Wis.  Bta. 
Bui.  2S5  (19 U);  Alstr.  E.  S.  R.  30,  pp.  87-^^75  (1914). 

Waters  and  Hess  (1895)  studied  the  effect  of  rations  of  varying  nutri- 
tive ratios  upon  production,  feeding  nine  cows  for  120  days.  Corn  stover  was 
fed  ^  as  roughage,  together  with  chopped  wheat,  with  either  gluten  feed  and 
cottonseed  or  linseed  meals  as  concentrates.  No  analyses  were  made  of 
fodders  or  feeds. 

The  production  records  are  remarkable  in  respect  to  their  extreme  uni- 
formity. Every  one  of  these  nine  cows  without  a  single  exception  increased 
her  total  solid  and  fat  percentages  on  passing  from  the  gluten  to  the  cot- 
tonseed ration;  again  on  passing  from  cottonseed  to  linseed;  and  made 
less  milk  and  lowered  her  solids  and,  with  one  exception,  fat  percentages 
in  passing  from  linseed  back  to  gluten  again;  54  records  with  but  a  single 
break,  a  conspicuous  result.  Furthermore,  every  cow's  milk  contained  more 
nitrogen  when  fed  cottonseed  than  when  fed  gluten;  7  out  of  9  more 
when  fed  linseed  than  when  fed  cottonseed,  an  eighth  being  identical  and 
the  ninth  falling  very  little;  and  6  out  of  9  less  when  fed  gluten  at  the 
close  of  the  trial  than  when  fed  linseed,  with  two  identical  and  only  one 
falling  slightly;  or  23  out  of  27  records  In  a  definite  direction,  a  total  of 
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76  out  of  81,  a  most  remarkable  result.  The  arerage  dally  yields  for  milk 
solids  and  fat  were:  16.4,  16.2,  15.1  and  13.7  pounds;  2.15,  2.27,  2.19  and  1.92 
pounds;  0.69,  0.79,  0.80  and  0.69  pounds;  and  the  average  solids  and  fat 
percentages  were:  13.11,  14.01,  14.49,  1402,  4.09,  4.74,  5.13,  4.87. 

All  the  cows  were  fed  for  30  days  on  the  gluten,  lor  the  next  30  on 
the  cottonseed,  the  next  30  on  the  linseed  and  the  last  30  on  the  gluten 
ration  again.  No  attempt  was  made  to  separate  the  periods  into  prelim- 
inary  and  experimental  portions,  the  entire  mass  being  calculated  regardless 
of  the  violent  changes.  Allowing  for  normal  shrinkage  as  between  the 
first  and  fourth  periods  and  comparing  with  the  results  of  the  second  and 
third,  the  following  comparisons  may  be  made: 
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The  food  intakes  during  the  cottonseed  and  linseed  meal  periods  were 
10  percent  greater  and  the  digestible  protein  intakes  two-thirds  greater.  It 
took  about  5  percent  more  digestible  food  to  make  a  pound  of  milk  from 
the  more  liberal  rations  but  about  5  percent  less  to  make  a  pound  of  fat 
because  of  the  profound  changes  in  the  quality  of  the  milk.  Pa.  8ta.  Rpt. 
for  1895,  pp,  56-74;  Ahstr.  E.  8.  R.  8,  pp.  823-825  (1896). 

Atwater  and  Phelps  (1897)  discussed  the  relation  of  nitrogenous  rations 
to  the  feeding  of  dairy  cows  and  reviewed  testimony  presented  by  several 
Ameripan  stations  touching  this  matter.  The  senior  author  was  a  pioneer 
in  American  station  work,  especially  along  nutritional  lines.  No  one  was 
better  entitled  to  express  an  opinion  concerning  nutrition  a  quarter  of  a 
century  ago.  They  gave  it  as  their  Judgment  that  the  weight  of  experi- 
mental evidence  cited  clearly  indicated  that  liberal  protein  consumption  and 
narrow  rations  tend  to  increase  the  milk  flow  and  to  retard  the  shrinkage 
due  to  advancing  lactation  and  that  to  some  slight  extent  they  may  tend 
to  increase  the  total  solid  and  fat  percentages,  bovine  individuality  being 
the  controlling  factor  in  this  latter  respect.  Conn.  (Storrs)  Sta.  Rpt.  10,  pp. 
98-112  (1897);  Ahstr.  E.  8.  R.  W,  pp.  68^-685  (1898). 

Kellner  (1907)  discusses  metabolism  studies  wherein  the  determination 
of  the  minimum  amount  of  food  protein  requisite  in  milk  production  was 
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sought.  In  these  trials  of  rations  high  In  energy  values  but  carrying  only 
enough  nitrogen  to  equal  that  voided  in  the  excretory  products  and  appear- 
ing in  the  milk,  the  cows  continued  for  a  long  time  to  yield  a  milk  of  good 
quality,  the  entire  quantity,  of  digestible  protein  ingested  over  and  above 
maintenance  requirements  appearing  in  the  milk.  He  holds  that  these 
results  indicate  that  a  cow  can  be  made  to  be  economical  in  her  usage  of 
nitrogen,  if  it  seems  expedient  to  stint  her.  Fiihling^s  Landw.  Ztg,  56,  17, 
pp.  589^93  (1907);  Milch  Ztg.,  86,  40,  pp.  469-4'rO  {1907);  Abstr.  E,  B.  R,  19, 
pp.  469-m  {1907), 

Liiiidsey  (1898)  reports,  without  citing  details,  the  results  of  a  trial  with 
12  cows  fed  13  weeks  in  which  rations  carrying  1.5,  2.  and  2.5  pounds  of 
digestible  protein  were  fed,  the  digestible  nutrients  in  each  ration  being 
essentially  identical  in  amount.  About  5  percent  more  milk  was  made  on 
the  2-pound  -protein  ration  and  10  percent  more  on  the  2.5-pound  protein 
ration  than  on  the  1.5-pound  one.  The  quality  of  the  milk  remained  un- 
changed. The  author  considers  that  a  daily  2  to  2.5  pounds  digestible  pro- 
tein intake  tends  to  develop  milk-producing  capabilities.  Mass.  {Hatch) 
8ta.  Rpt.  11,  pp.  42-4S  {1898);  ADstr.  E.  8.  R.  11,  p.  577  {1899). 

Lindsey  (1900)  fed  several  rations  carrying  different  amounts  and  kinds 
of  concentrates  other  than  bran  and  corn  or  oatmeal  which  were  fed  with 
hay  throughout  the  trials  (new  process  linseed  meal,  flaxseed  meal,  gluten 
meal,  cottonseed  meal,  etc.).  He  declared  that  "different  amounts  of  protein 
do  not  seem  to  have  any  influence  on  the  composition  of  milk."  No  data 
whatever  are  given  as  to  the  effect  on  the  quantity  of  the  milk  flow.  Mass. 
{Hatch)  Sta.  Rpt.  IS,  pp.  14-33  {1900);  Alstr.  E.  S.  R.  13,  p.  385  {1901). 

Lindsey  (1910)  n^ade  eight  trials.  In  six  of  which  the  narrower  ration 
made  more  milk  and  milk  solids,  in  one  slightly  less,  and  in  one  by  the 
group  method,  7  percent  less  than  the  wider  ration.  In  this  latter  case, 
shrinkages  were  essentially  identical. 

He  makes  Interesting  comparisons  of  protein  intake  and  outflow. 
Assuming  0.7  pound  digestible  protein  as  the  maintenance  need,  he  deduces 
the  following  flgures: 
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His  summations  are  interesting,  among  them  being: 
1..    That  a  30  percent  digestible  protein  intake  in  excess  of  protein  mini- 
mum  {i.  e.,  1.8  pounds  daily,)   should  serve  the  need  of  a  900-pound  cow 
making  25  pounds  of  milk;  while  50  percent  excess  (i.  e.,  2.2  pounds  daily) 
should  serve  all  ordinary  requirements. 
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2.  That  larger  amounts  temporarily  may  increase  milk  yields  but  that 
bovine  individuality  is  as  likely  as  digestible  protein  to  control  in  this  respect. 

3.  That,  ordinarily,  variations  in  the  digestible  protein  intake  exert 
little  or  no  effect  on  milk  composition.  Mass.  8ta.  Rpt.  23,  pp.  86-121  {1910) ; 
Ahstr.  E.  B.  R,  26,  pp.  79-80  (1912). 

Anderson  (1899)  fed  9  cows  for  22  weeks  in  each  of  two  winter  feeding 
seasons,  in  groups  of  three  each  continuously  on  a  very  narrow,  a  rather 
high,  medium  and  a  wide  ration,  carrying  respectively  of  digestible  protein, 
digestible  carbohydrates  and  fat  (x  2%)  and  nutritive  ratios:  2.9-3.1,  2.3-2.4, 
1.6-1.6;  13.2-13.3.  13.6-13.7,  14.4-14.5;  1:4.3-1:4.5,  1:5.7-1.6.,  1:9-1:9.3. 

Timothy  and  clover  hays,  silage,  linseed  meal,  cottonseed  meal,  oat  chop, 
gluten  feed,  com  meal  and  bran  were  fed.  Live  weights  were  not  affected  by 
one  ration  materially  more  than  by  another.  The  plan  of  the  trial  and  the 
published  data  do  not  seem  to  the  writer  (J.  L.  H.)  to  permit  one  to  make 
safe  deductions  as  to  the  effect  of  food  changes  upon  the  quantity  or  quality 
of  the  milk  flow.  N,  Y.  (Comell)  flfta.  Bui,  173,  pp.  59-79  {1899);  Ahstr. 
E.  flf.  R.  11,  pp.  1081-1083  {1901), 

Hay  ward  (1902)  fed  10  cows  during  three  successive  winter  feeding 
seasons  of  about  200  days  each.  Six  cows  were  used  each  year,  two  during 
two  years,  8  for  single  years.  Various  rations  were  fed,  ranging  in  nutritive 
ratios  from  1:3.4  to  1:5.8;  1:4  to  1:7.8;  1:6.2  to  1:11.3  in  the  three  seasons. 

Hay  was  fed  as  the  sole  roughage,  linseed  and  com  meals  were  fed 
constantly,  cottonseed  meal  during  two  years  and  bran  and  buckwheat  mid- 
dlings during  one  season.  The  ingredients  never  changed  during  a  given 
feeding  season  but  the  proportions  were  altered  from  time  to  time,  thus 
bringing  about  alteration  in  the  nutritive  ratios. 

The  cows  were  divided  into  two  groups,  one  of  which  was  kept  on 
as  nearly  as  might  be  a  uniform  ration,  the  other  on  rations  changing  every 
40  days.  The  feeding  of  the  initial  and  final  40-day  periods  with  each  group 
were  identical,  but  the  trial  group  during  the  second  and  fourth  periods  each 
year  was  fed  wider,  and  during  the  third  period  much  wider,  rations  than 
were  supplied  in  the  initial  or  the  final  periods  or  than  the  control  group 
was  fed  at  any  time. 

During  the  first  trial  the  daily  digestible  protein  consumption  averaged 

2.8  pounds  and  the  total  digestible  nutrient  consumption  ranged  from  16.8 
to  19.5  pounds;  during  the  second  the  figures  were  2.4  and  17  to  18;  during 
the  third,  1.64  and  14.4  to  17.6.  The  milk  yields  ranged  and  averaged  as 
follows:   22.5  to  15.1.  18.2;   21.5  to  13.1,  17.3;   20.7  to  10.9,  15.2;   fat  yields 

1.09  to  0.76,  0.89;  1.03  to  0.64.  0.81;  0.97  to  0.52,  0.72.  The  amounts  of  pro- 
tein required  per  pound  of  milk  and  per  pound  of  fat  were  0.15,  0.14,  0.11; 
3.18,  3.02,  2.34.  The  author  states  that  conclusions  "can  be"  drawn  from 
the  data  to  the  effect  that  "the  nutritive  ratio  between  the  limits  of  1:3.4  to 
1:11.3  had  no  effect  upon  the  quantity  or  quality  of  milk  production;  that 
1.3  pounds  of  computed  digestible  protein  was  sufficient  for  a  1,000-pound 
cow  in  full  milk,  the  other  conditions  necessary  to  her  welfare  being  met; 
that,  within  certain  limits,  the  quantity,  digestibility  and  palatability  of  the 
food  and  its  effect  upon  the  animaFs  general  system  was  of  more  importance 
than  the  relative  amount  of  digestible  protein  and  carbohydrates  the  ration 
contained.**  He  also  stresses  the  need  of  taking  account  of  bovine  individ- 
uality.    Pa,  Sta,  Rpt.  1902.  pp.  321^96;  Ahstr.  E.  8.  R.  15,  pp.  181-1S2  {1903). 

Wheeler  (1901)  discusses  the  immediate  effects  on  milk  production  of 
ration  changes,  using  the  data  supplied  by  a  study  of  the  record  of  981  cows 
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diversely  fed  during  limited  periods  and  during  many  years,  the  effect,  as  a 
rule,  being  those  exerted  within  the  two  to  four  weeks  preceding  and  follow- 
ing ration  changes. 

So  far  as  protein  is  concerned,  his  cpnchisions  are  that,  in  general, 
changes  within  ordinary  limits  in  the  amount  of  protein  fed  produced  less 
effect  than  did  changes  in  the  amount  of  total  nutrients  furnished;  that 
milk  flow  diminution  due  to  shrinkage  was  less  when  the  protein  intake 
increased  than  when  it  decreased.  When  both  protein  and  total  nutrients 
intakes  increased,  the  milk  flow  was  maintained;  when  both  decreased,  it 
dropped.  When  the  protein  Intake  was  either  increased  or  decreased,  while 
that  of  total  nutrients  remained  stationary  or  when  protein  intake  decreased 
while  that  of  total  nutrients  increased,  normal  shrinkage  occurred;  and 
when  the  protein  intake  increased  and  that  of  total  nutrients  decreased,  the 
shrinkage  was  marked.  In  short,  the  effect  upon  the  milk  flow  of  changes 
in  the  total  nutrients  intakes  was  much  more  marked  than  that  of  changes 
in  digestible  protein  intakes.  These  data  indicate  that  if  sufficient  available 
energy  is  supplied,  wide  ranges  in  nutritive  ratios  may  be  employed  without 
materially  affecting  the  milk  flow.  N.  T.  (State)  8ta,y  Buh  210  (1901);  Ahstr, 
E.  8,  R.  U,  pp.  77-78  (1902), 

Morgen,  Berger,  Fingerling  et  al.  (1904)  report  concerning  studies 
carried  on  for  six  years  with  sheep  and  goats,  designed  to  indicate  the 
influence  of  food  fat  and  protein  on  milk  yields.  Rations  extremely  deficient 
in  fat  and  rations  excessively  rich  in  fat  were  fed,  and  fat  was  substituted 
for  more  or  less  of  the  protein  in  highly  nitrogenous  rations.  The  addition 
of  fat  to  a  low  fat-low  protein  ration  (which,  however,  contained  sufficient 
digestible  nutrients  to  maintain  life  and  cause  gain  in  body  weight)  decid- 
edly increased  milk  yields,  including  solids,  and  raised  the  fat  percentages. 
The  addition  of  protein  still  more  decidedly  augmented  yields  but  lowered 
the  solid  and  fat  percentages.  The  simultaneous  addition  of  both  fat  and 
protein  increased  yields  and  tended  to  counterbalance  the  quality-depressing 
effect  of  high  protein  feeding.  The  substitution  for  carbohydrates  of  fat  in 
equivalent  energy  values  in  a  high  protein-low  fat  ration  increased  yields 
and  raised  fat  percentages.  The  substitution  of  fat  for  protein  In  equivalent 
energy  values  in  the  same  ration  increased  fat  yields  and  fat  percentages  in 
the  milk  but  tended  to  reduce  milk  yields.*  The  addition  of  carbohydrates 
to  a  fat-low  protein  ration  was  without  effect  upon  the  milk  yield. 
Food  fat  seemed  better  suited  to  the  production  of  milk  fat  than  either  pro- 
tein or  carbohydrates  and  to  exert  a  specific  influence  on  fat  yields  and 
composition,  an  Influence  not  shown  when  protein  or  carbohydrates  became 
dominants  in  the  rations.  Rations  of  equivalent  energy  values  were  found 
to  exert  the  same  influence  on  milk  yields  only  when  the  protein  and  fat 
contents  were  sufficient  to  induce 'approximately  maximum  production. 

One  of  the  authors  (F.)  substituted  rice  meal,  rich  In  fat,  for  barley 
feed,  poor  in  fat,  and  increased  both  the  absolute  yield  of  fat  and  the  fat 
percentages  in  goats'  milk.  Landw.  Vera.  Stat,,  61,  1-4,  PP-  l-2S/f  (1904);  62, 
4-5,  pp.  251-S86  (1905);  64,  2-S,  pp.  93-242;  4-5,  pp.  299-412  (1906);  66,  1-2,  pp. 
63-165  (1907);  Abstr.  E.  fif.  R.  16,  pp.  696-698  (1905);  17,  pp.  286-287  (1905); 
18,  p.  171  (1906);  p.  1159  (1907). 

Goldschmldt,  KJeldsen  and  Lemming  (1904)  fed  for  about  six  months 
some  75  to  100  cows  on  seven  farms,  supplying  them  with  rations  adapted 


*The  statement  on  this  point  In  the  E.   S.   R.  abstract  Is  obscure  and  seems 
capable  of  a  dual  interpretation.     J.  L.  H. 
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In  the  authors'  judgment  to  their  body  weights  and  productive  t^owers. 
A  maintenance  ration  of  0.7  pound  digestible  protein  and  7  pounds  digestible 
carbohydrates  and  fat  (x  2^)  per  1,000  pounds  live  weight  was  supplied  and 
0.5  pound  and  1.3  pounds  respectively  were  added  for  each  10-pound  milk 
yield,  varying,  however,  in  accordance  with  the  exigencies  of  the  trials 
between  0.4  and  0.6,  lil  and  1.5  pounds.*  The  authors  state  that  when  pro- 
tein or  carbohydrate  Intakes  were  Increased  the  natural  shrinkage  was  some- 
what checked,  especially  if  this  increment  was  supplied  to  cows  in  the  early 
stages  of  lactation;  that  when  the  protein  or  carbohydrate  intakes  were 
decreased  the  milk  flows  were  lowered.  These  lessened  yields  were  secured, 
however,  at  a  smaller  price  per  unit  when  the  protein  supply  was  diminished, 
since  in  the  main  this  represented  purchased  grain.  They  hold  that  such  a 
reduction  is  better  Justified  than  is  lowered  carbohydrate  consumption,  since 
carbohydrates  generally  should  be  farm  produced.  A  shortened  protein 
supply  is  deemed  particularly  Inadvisable  at  the  outset  of  the  lactation 
period  or  long  before  the  pasture  Efeason  begins.  Copenhagen  (1904),  pp. 
1-W;  Abstr.  E.  8.  R.  16,  pp.  908-909  {1905). 

Wing  and  Foord  (1904)  report  an  interesting  trial  involving  the  feeding 
of  a  small  herd  of  cows  during  four  years,  the  first  and  fourth  under  condi- 
tions of  poor  feeding,  the  second  of  liberal,  the  third  of  liberal  feeding  yet 
with  due  regard  to  economy.  During  the  first  year  the  ration  fed  In  the 
barn  furnished  about  1.3  pounds  of  digestible  protein  and  its  nutritive  ratio 
was  about  1:8;  and  the  conditions  during  the  fourth  year  were  similar. 
During  the  second  year  a  very  liberal  and  highly  protelnous  regime  was 
adopted,  nutritive  ratios  ranging  from  1:5.5  downwards.  During  the  third 
year  the  total  food  consumption  was  less  but  nutritive  ratios  were  about 

« 

the  same.  The  milk  yields  during  the  second  and  third  years  averaged  about 
50  percent  larger  than  during  the  first  and  fourth  years;  and  the  fat  content 
of  the  milk  was  increased  by  0.25  percent.  2f.  Y.  (Cornell)  Sta.f  Bui.  222 
(1904);  Ahstr.  E.  S.  R.  16,  pp.  695-696  (1905). 

Armsby  and  Rlsser  (1905)  fed  to  12  cows  for  12  weeks  by  the  combined 
group-reversal  system,  rations  consisting  of  mixed  hay,  silage,  corn  meal 
and  either  distillers'  dried  grains  or  cottonseed  meal.  The  rations  averaged 
to  carry:  16.7  and  14.7  pounds  digestible  dry  matter,  2  and  2.3  pounds  of 
digestible  protein,  14.7  and  12.4  pounds  digestible  carbohydrates  and  fat 
(x  2i4)»  nutritive  ratios  being  1:7.5  and  1:5.4.  They  secured  a  slight  in- 
crease in  milk  yield  and  a  considerable  increase  in  the  fat  content  of  the 
milk  as  a  result  of  using  the  wider  (distillers*  dried  grains)  ration. 
Pa.  Sta.  Bui.  IS  (1905);  Ahstr.  E.  8.  R.  17,  p.  586  (1906). 

One  of  us  (C.  E.  B.)  (1905)  while  at  the  Connecticut  (Storrs)  Station, 
discussing  the  data  set  forth  in  several  of  Its  publications,*  cites  the  results 
secured  in  21  Connecticut  farmers'  herds,  comprising  277  cows,  to  which 
were  fed  rations  deemed  by  station  officers  to  be  better  adapted  to  milk 
production  than  were  those  which  they  replaced.  The  revised  rations 
averaged  to  carry  %  pound  more  grain,  l^.A  pounds  less  dry  roughage  and 
3  pounds  less  succulent  roughage,  %  pound  more  digestible  protein  and 
1,070  less  calories  than  did  their  predecessors.  The  average  daily  gain  in 
milk  yield  was  1.1  pounds.    More  milk,  better  manure  and  cheaper  rations 


•Conn.  (Storrs)  Sta.  Rpts.  6.  pp.  69-115  (1893)  :  7.  pp.  26-56  (1894)  :  8.  pp. 
41-76  (1895):  9.  pp.  53-84  (1896);  10,  pp.  17-66  (1897);  13,  pp.  130-157  (1900); 
14,  pp.  81-104    (1901). 
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resulted,  the  latter  because  of  the  lessened  amount  of  nutrients  fed.  The 
augmented  flow  Is  attributed  to  the  Increase  In  the  amount  of  grain  fed 
and  especially  the  proportion  of  grain  fed  to  that  of  roughage  as  well  as  to 
the  additional  protein  intake.  The  effect  of  protein  intake  increment  was 
most  marked  when  less  than  1.5  pounds  had  been  fed  in  the  original  ration. 

The  writer  of  the  bulletin  under  review  (0.  E.  B.),  as  well  as  the 
writers  of  the  long  series  of  articles  which  he  discusses,  hold  that  under 
the  economic  conditions  obtaining  when  the  studies  were  in  process  (1893- 
1901),  more  protein  could  have  been  used  to  advantage  than  was  commonly 
fed,  particularly  in  view  of  increased  manurial  values. 

Still  further,  in  specifically  studying  the  effect  of  change  in  the  digest- 
ible protein  intake,  h^  separated  the  records  into  three  groups,  wherein  the 
increment  in  protein  consumption  in  the  modified  as  compared  with  the 
original  ration  averaged  0.7  pound — ^being  a  50  percent  increase;  0.7  pound 
being  a  33  percent  increase;  and  0.2  pound  being  an  8  percent  increase.  The 
results  were  as  follows: 
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Mod.  ±  orig.  % . . . 


lbs. 
14.4 

14.1 

—  0.3 

—  2   —90    +19    +50 


lbs.  lbs. 

9.4  7.2 

0.9  8.6 

—8.1  +1.4 


lbs. 
1.4 

2.1 

+0.7 


13.2       13.5       8.9       2.0 
11.6       11.9       9.8       2.7 
-  1.6  —  1.6  +0.9  +0.7 
■12     —12    +10    +33 


25,050 

25.460 

+      410 

+  2 

29,100 
28.350 

-  750 

-  4 


lbs.         %  lbs. 

15.9       4.42  0.70 

16.7       4.73  0.79 

+  0.8  +0.31  +  0.09 

+  5+7  +13 


19          4.80  0.91 

18.8       5.08  0.96 

■  0.2  +0.28  +0.05 

1+6  +6 


16.6  5.7       9.3  2.1 

14.1  6.3       9  2.3 

2.5  +0.6  —0.3  +0.2 

■15  +10     —3  +7 


30.570  16.9       4.94       0.83 

27,700  17          5.06       0.85 

-  2,870  +  0.1  +0.12  +0.02 

-9  0+2+2 


The  writer  of  the  bulletin  under  review  (C.  E.  B.)  holds  in  the  first 
instance  that  a  part  of  the  increased  milk  flow  (5  percent  more  milk,  13 
percent  more  fat)  was  due  to  the  increased  total  food  intake  ( 2  percent) 
and  to  the  ^  increase  in  grain  consumption,  particularly  in  view  of  the 
negative  results  in  the  two  lower  sections  of  the  table,  in  one  of  which  a 
largely  increase  protein  consumption  and  a  considerably  greater  grain  usage 
was  not  reflected  in  the  milk  yield.  Conn.  (Storrs)  Bta.,  Bui.  SJt  (1905); 
Ahstr.  E.  8.  R.  16,  pp.  911-912  (1905). 

Hlndhere  (1905),  discussing  the  Copenhagen  (Denmark)  station  feeeding 
data,  holds  that  protein  possesses  no  special  value  in  increasing  the  milk 
secretion,  unless  the  amount  previously  supplied  has  been  very  low.  He 
states  that  an  excess  above  the  physiological  protein  minimum  is  desirable 
only  for  its  potential  fuel  and  manurial  values  and  that  it  is  not  advan- 
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tageous.to  feed  much  more  than  that  minimum.  He  further  argues  that  an 
economical  minimum  below  the  physiological  minimum  may  exist  under 
some  circumstances  and  that  no  deleterious  effect  on  future  production  is 
likely  to  become  apparent  if  less  than  the  physiological  minimum  is  supplied 
for  a  considerable  period  of  time.  Ber.  K.  Yet.  Landhohoj.  Lab.  Landokon. 
Forsog  55,  pp.  7J^-104  {1905);  Abstr.  E.  B.  R.  16,  p.  912  (1905). 

Mairs  (1905)  reports  concerning  the  results  secured  with  32  cows  during 
two  years.  No  data  are  supplied  as  to  the  intake,  either  in  terms  of  pounds  of 
roughage  fed,  total  digestible  dry  matter  or  any  of  the  digestible  nutrients. 
Apparently,  however,  the  cows  were  fed  divers  amounts  of  protein.  The 
author  states  the  cows  fed  the  larger  amounts  of  protein  made  more  milk 
than  those  fed  the  smaller  amounts;  that  the  composition  of  the  milk  was 
not  affected;  that  the  chief  advantage  derived  from  the  more  liberal  protein 
consumption  was  to  be  found  in  the  stimulation  of  bovine  appetite  which, 
in  turn,  induced  yet  greater  consumption  and  increased  production.  How- 
ever, he  states  that  the  results  seem  to  indicate  that  beyond  certain  limits 
the  supply  of  protein  is  of  much  less  importance  than  was  formerly  con- 
sidered to  be  the  case  and  that  an  excess  of  protein  beyond  that  required  for 
maintenance  and  to  furnish  the  protein  of  the  milk  does  not  materially 
stimulate  production.  Pa.  Sta.  Rpts.,  pp.  96-104  {1905)  \  pp.  129-138  {1906); 
Abstr.  E.  8.  R.  18,  p.  412  {1906);  19,  p.  816  {1907). 

Thienemann  (1905)  fed  two  cows  for  75  days,  using  several  rations 
with  nutritive  ratios  of  1:6:5,  1:7.3,  1:8.1  and  1:8.2.  The  lowering  of  the 
protein  and  the  concomitant  increase  in  the  carbohydrate  intake  produced  a 
lessened  milk  flow,  and  somewhat  lessened  solid  and  fat  percentages. 
Fiiniing's  Landw.  Ztg.  54.  1,  PP.  13-22;  2,  pp.  51-55  {1905);  Abstr.  E.  S.  R.  16, 
p.  1011   {1905). 

Certain  Danish  investigators  [names  not  given  in  abstract]  (1906),  used 
nine  fresh  cows  in  studying  minimum  protein  requirements  and  found  that 
cows  giving  from  22  to  35  pounds  of  milk  daily  used  from  1.7  to  2.06  pounds 
of  digestible  protein  in  the  rations  of  mangels,  hay,  straw  and  cottonseed 
meal  which  were  fed.  They  state  that  minima  necessarily  vary  with  differ- 
ent cows,  different  rations,  different  milk  flows,  etc.  Ber.  K.  Vet.  og.  Landb. 
Lab.  LandoTc.  Fersog  {Copenhagen)  60,  pp.  1-147,  1-158  {1906);  Abstr.  E.  8.  R. 
18,  pp.  668-669  {1907). 

Hansen  (1907)  reports  trials  carried  out  with  51  cows  during  two  years, 
in  which  3.1  pounds  total  protein  or  2.5  to  2.7  pounds  of  "proteid"  with  a 
starch  value  of  14.4  pounds  were  found  to  be  needed  in  order  to  secure  a 
satisfactory  milk  flow  and  gain  in  weight  with  a  1,000-pound  cow.  He  states, 
furthermore,  that  increasing  the  protein  supply  tended  to  raise  the  milk 
yield  and  to  lower  the  body  gain;  and  that  the  proportions  fed  must  be 
varied  to  suit  Individual  cows.  Arb.  Deut.  Landw.  Oesell,  134  {1907) ;  Abstr. 
E.  8.  R.  19,  p.  976  {1908);  ibid,  171  {1910);  Abstr.  E.  8.  R.  25,  p.  778  {1911). 

Mall^vre  (1907)  holds,  tentatively,  that  the  studies  made  and  reported 
upon  by  many  observers  as  to  the  relation  of  non-protein  and  true  proteid  food 
nitrogen  to  bovine  metabolism,  and  especially  to  milk  production,  warrant 
the  conclusion  that  the  total  nitrogenous  intake  and  outgo  data  of  cows 
fed  for  many  months  on  rations  containing  either  normal  or  small  nitrogen 
contents,  tend  to  show  that  the  protein  requirement  for  milk  production  is 
lower  than  was  held  to  be  necessary  prior  to  1907,  and  that  non-proteins 
play  an  important  r61e  in  animal  nutrition.  8oc.  Aliment.  Rcdionn  Retail, 
Compte  Rendu.,  11,  Cong.,  pp.  29-46  {1907);  Abstr.  E.  8.  R.  19,  p.  877  {1907). 
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Schmeck  (1907)  fed  to  two  cows  several  rations  containing  2.25,  1.58, 
1.21,  0.83  and  0.50  pounds  of  digestible  protein  per  1,000  pounds  body  weight, 
the  nutritive  ratios  of  the  rations  being  respectively  1:6,  1:9,  1:12,  1:18  and 
1:30.  When  fed  the  two  very  low  protein  rations  the  cows  lost  weight 
rapidly.  The  1:6  ration  proved  most  effective  as  a  milk  producer.  Illus. 
LandtD,  Ztg.,  27,  4i,  PP-  373-375  {1907);  Abatr,  E.  8.  R,  18,  p.  1159  (1907). 

Derwa  (1908)  holds,  as  a  result  of  feeding  trials  with  8  cows,  that  a 
ration  should  contain  one  gram  digestible  protein  per  kilo  body  weight  plus 
50  grams  per  liter  of  milk  produced.  This  would  mean  that  a  1,000-pound 
cow  giving  30  pounds  of  milk  would  get  one  pound  of  digestible  protein  on 
account  of  her  weight  and  1.45  pounds  on  account  of  the  milk  flow.  Rev. 
Q&n.  Agron.,  N.  8„  5,  11,  pp.  455-458  (1908);  Abstr.  E.  8.  R.  20,  p.  1175  (1909), 

Savage  (1909)  fed  during  two  different  years  20  and  16  cows  by  the 
group-reversal  system  in  6-week  periods,  rations  in  which  roots  were  sub- 
stituted for  concentrates.  The  rations  consisted  of:  (a)  hay,  silage,  cotton- 
seed meal,  corn  meal,  distillers'  dried  grains  and  bran;  (b)  hay,  mangels, 
cottonseed  meal,  corn  meal  and  distillers'  dried  grains;  (c)  hay,  silage, 
mangels,  cottonseed  meal,  corn  meal  and  distillers'  dried  grains:  during  first 
year;  (d)  hay,  silage,  linseed  meal,  bran,  corn  meal,  buckwheat  middlings 
and  distillers'  dried  grains;  (e)  hay,  mangels,  linseed  meal,  bran,  com  meal, 
buckwheat  middlings  and  distillers'  dried  grains;  (f)  hay,  silage,  mangels, 
linseed  meal,  bran,  corn  meal,  buckwheat  middlings  and  distillers'  dried 
grains:  during  the  second  year. 

No  analyses  of  fodders  and  feeds  seem  to  have  been  made  except  for 
dry  matter  in  silage  and  mangels.  Using  the  average  data  supplied  by 
standard  compilations  the  digestible  nulrfents  supplied  in  the  several  rations 
are  as  follows,  in  the  order  as  stated  above: 


Total 
digestible 
nutrients 

Digestible 
dry  matter 

Digestible 
protein 

Digestible 
carbohydrates 
and  fat  (x2%) 

Nutritive 
ratios 

(a)   .... 

lbs. 
23.2 

lbs. 
15.3 

lbs. 
2.51 

lbs. 
14.1 

1: 
5.6 

(b)    ... 

22.2 

15.3 

2.79 

13.8 

5 

(c)    ... 

23. 

15.2 

2.18 

14. 

6.4 

(d)   .... 

23.1 

15.1 

2.56 

13.8 

5.4 

(e)    .... 

22.2 

15.2 

2.84 

13.5 

4.7 

(f)    ... 

22.7 

14.8 

2.08 

13.6 

^       6.4 

In  rations  (d)  and  (e)  mangels  replaced  silage;  in  rations  (c)  and  (f) 
they  replaced  half  the  grain.  The  usages  of  digestible  dry  matter  were 
closely  similar.  The  substitution  of  silage  by  roots  increased  digestible  pro- 
tein usage,  of  grain  by  roots  decreased  it. 

The  plan  of  the  trials  was  such  that  the  ordinary  methods  of  compari- 
son are  not  readily  applied.  However,  apparently  when  mangels  replaced  one- 
half  the  grain  ration,  2  percent  less  and  3  percent  more  milk,  5  percent  less 
and  1  percent  more  fat  were  made,  fat  percentages  being  slightly  lowered  in 
each  instance;  when  mangels  replaced  silage,  8  and  10  percents  more  milk, 
1  and  6  percents  more  fat  were  made,  fat  percentages  being  lowered  in  each 
instance;  and  when  silage  replaced  mangels  and,  colncidently,  roots  replaced 
one-half  the  grain  ration,  2  and  6  percents  less  milk,  7  and  6  percents  less 
fat  were  made,  fat  percentages  being  lowered  in  one  and  unaffected  in  the 
other  instance.    Body  weights  were  taken  but  the  author  does  not  deem  it 
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advisable  to  hazard  their  Interpretation.  He  deems  a  pound  of  dry  matter 
in  mangels  the  equivalent  of  a  pound  in  silage  or  "grain"  (50  percent  dis- 
tillers' dried  grains,  30  percent  corn  meal  and  20  percent , cottonseed  meal; 
or  50  percent  distillers'  dried  grains,  20  percent  buckwheat  middlings,  10 
percent  each  corn  and  linseed  meals  and  bran).  N.  T.  iComell)  Sta.  Bui 
268  {1909);  Ahstr,  E,  S.  R.  22,  p,  76  {1910). 

Savage  (1912)  presents  a  historical  r6sum6  of  feeding  standards  from 
the  days  of  Albrecht  Thaer  to  1912,  with  special  reference  to  Haecker's  work 
and  Armsby's  ''production  values."  He  set  forth  the  results  of  trials  which 
he  instituted  with  a  view  of  testing  the  validity  of  these  dicta.  He  fed  12 
cows  in  each  of  two  winter  seasons  (23  cows  in  all),  using  both  the  group 
and  the  reversal  systems. 

The  cows  were  fed  mixed  hay,  silage,  mangels,  distillers'  dried  grains, 
hominy  chop,  linseed  meal  and  bran  the  first  winter;  and  clover  hay,  silage, 
mangels,  distillers'  dried  grains,  hominy  chop,  gluten  feed  and  bran  the 
second  winter.  All  cows  ate  the  same  materials  but  the  proportions  of  the 
concentrates  in  the  two  grain  mixtures  varied.  The  average  live  weights  for 
each  group  were  very  close  to  1,000  pounds  per  cow  the  first  winter  and 
1,100  pounds  during  the  second  winter.  The  cows  had  plenty  to  eat  and 
to  spare,  from  27  to  32  pounds  of  total  dry  matter,  from  19  to  23  of  digest- 
ible dry  matter,  from  2.2  to  3.1  pounds  digestible  protein,  from  16  to  21 
pounds  of  digestible  carbohydrates  and  fat  (x  2^).  Nutritive  ratios  in  15 
of  the  18  periods  ranged  from  1:7  to  1:7.6  and  in  three  periods  of  from 
1:6  to  1:6.3.  They  ate  on  the  average  during  the  first  year  11  percent  more 
total  nutrients  and  12  percent  more  "therms"  of  energy  and  in  the  second 
7  percent  more  and  1  percent  less  than  the  Haecker  or  Armsby  standards 
demanded.  On  the  whole  the  rations  fed  conformed  with  reasonable  close- 
ness to  Haecker's  suggestions  in  so  far  as  nutritive  ratios  are  concerned, 
although  9  percent  more  food  was  eaten. 

The  author  states  that  he  believes  "a  nutritive  ratio  of  1:6  will  stimulate 
a  greater  production  of  fat  than  will  wider  nutritive  ratios  as  proposed  by 
Haecker's  standard" — ^which  as  a  rule  lie  between  1:7  and  1:8,  the  lower 
figures  for  the  thinner,  the  higher  figures  for  the  richer  milks;  and  that  "an 
increase  of  at  least  10  percent  in  the  amount  of  total  nutrients  above  that 
allowed  by  Haecker  would  stimulate  fat  production  to  an  extent  great  enough 
to  pay  for  the  increased  feed"  (written  in  1912).  As  to  Armsby's  standard, 
he  holds  that  while  probably  more  closely  representative  of  relative  values 
of  various  feeding  stufts  than  are  other  proposed  standards,  they  fail  in 
that  they  do  not  furnish  definite  recommendations  for  varying  the  supply  of 
nutrients  in  accordance  with  different  qualities  of  milk.     (Written  In  1912.) 

Savage  then  suggests  a  modification  of  Haecker's  standard,  furnishing 
35  percent  more  digestible  protein  and  10  percent  more  total  nutrients. 
y.  Y.  {Cornell)  Sta.  Bui.  323  {1912);  Ahstr.  E.  8.  R.  28.  pp.  877-878  {1913). 

Fraser  and  Hayden  (1912)  fed  18  cows  for  19  weeks,  in  two  groups,  one 
on  a  ration  of  clover  hay,  silage,  gluten  feed  and  corn  meal,  and  the  other 
on  mixed  timothy  and  clover  hay  (5:3),  silage  and  com  meal.  The  data  as 
to  nutrient  usage  are  not  given  directly.  Calculated  from  derived  data  they 
are,  approximately,  for  digestible  dry  matter,  digestible  protein,  digestible 
carbohydrates  and  fat  (x  2^4)  and  nutritive  ratios:  18.2,  2.4,  15.8  and  1:6; 
16.2,  1.4,  14.8  and  1:11.  Milk  and  fat  yields  and  fat  percentages  were  33.4 
and  22.8;  1.07  and  0.76  pounds;  3.20  and  3.34  percents.    The  former  lot  made 
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nearly  50  percent  more  milk  and  40  percent  more  fat  than  the  latter  and  ate 
only  three-fourths  to  four-fifths  as  much  digestible  food  in  making  a  unit  of 
milk  or  fat.  The  authors  hold  that  the  lack  of  digestible  protein  in  the 
wider  ration  inhibited  economical  usage  of  the  other  nutrients  and  that 
excess  of  carbohydrates  will  not  make  good  a  protein  deficiency. 

Now  apparently  the  cows  in  the  group  fed  the  wider  ration  ate  about 
1.4  pounds  of  digestible  protein  daily;  yet  they  shrank  profoundly  in  milk 
flow,  indeed,  fully  15  percent  the  first  week  they  were  placed  on  the  1:11 
ration,  notwithstanding  the  fact  that  at  the  outset  they  were  in  good  physical 
condition.  No  statement  whatsoever  is  made  as  to  live  weights  except 
that  the  timothy  hay  lot  "ran  down  rapidly  in  flesh  and  condition.''  How- 
ever, since  the  average  milk  flows  in  the  preliminary  period  were  37.8  and 
36.2  pounds  and  the  fat  percentages  3.3  and  3.7,  it  seems  fair  to  assume  that 
the  animals  were  relatively  heavy  cows,  weighing,  perhaps,  1,200  pounds. 
On  that  assumption,  their  daily  usage  of  digestible  protein  during  19  weeks 
feeding  was  not  much  less  than  that  of  several  of  the  cows  in  the  Vermont 
trials  now  under  consideration,  during  very  many  times  19  weeks  of  con- 
tinuous feeding;  and  yet  the  Illinois  cows  shrank  frightfully  in  yield  and 
flesh,  while  the  Vermont  cows  subjected  to  far  more  drastic  conditions  did 
not  shrink  materially  in  milk  yield  nor  did  they  become  very  gaunt. 

These  Illinois  results  are  by  all  odds  the  most  extreme  which  have  met 
the  writer's  (J.  L..  H.)  eye  in  a  very  thorough  survey  of  the  recorded  feeding 
experiences  of  more  than  30  years.  III.  8ta.  Bui.  159  (1912) ;  Ahatr.  E.  8.  B. 
27,  p.  m  {191S). 

Eckles  (1913),  studying  the  question  of  the  nutrients  required  for  milk 
production,  and,  incidentally,  protein  requirements,  fed  10  registered  farrow 
cows  (5  Jersey,  2  Holstein,  2  Ayrshire,  1  Shorthorn)  a  uniform  ration  of 
alfalfa  hay,  silage,  corn  meal,  bran  and  linseed  meal  in  the  proportion  by 
weights  of  hay  1,  silage  4,  grain  1.  Eight  cows  were  fed  for  approximately 
a  year  and  two  for  about  four  months.  They  made  all  sorts  of  milks,  carry- 
ing from  3.4  to  6.1  percent  fat.  They  ate  very  different  amounts  of  the 
several  nutrients  as  was  intended  should  be  the  case.  Their  energy  intakes 
varied  from  8.6  to  18.7  therms,  their  available  energy  intakes  from  3  to  12.6 
therms,  their  digestible  protein  intakes  from  1.1  to  2.3  pounds  and  available 
digestible  protein  intakes  from  0.6  to  1.8  pounds.  They  made  from  8.7  to 
39.9  pounds  milk;  from  1.3  to  4.6  pounds  of  total  solids,  from  0.46  to  1.29 
pounds  fat,  from  0.35  to  1.15  pounds  protein,  and  the  variations  in  total 
solids,  fat  and  protein  percentages  were:  11.3  to  15.4,  3.1  to  6.1,  2.9  to  4.4 
percents. 

The  particular  point  pertinent  to  the  matter  now  in  hand  is  the  relation 
of  the  available  protein  intake  to  the  protein  used  in  the  milk.  The  cows 
ate  from  1.1  to  2.3  pounds  digestible  protein,  used  according  to  the  Armsby 
production  value  scheme  from  0.42  to  0.61  pounds  for  maintenance  and  had 
available  for  milk  making  from  0.6  to  1.8  pounds.  The  milk  contained  from 
0.35  to  1.15  pounds  and  the  ratio  range  of  protein  in  milk  to  available  pro- 
tein in  food  (i.  e.,  digestible  protein  less  that  used  for  maintenance)  was 
1:1.31  to  1:1.92.  Seven  of  the  ten  range  from  1:1.68  to  1:1.92.  The  protein 
fed  was  in  excess  of  the  amounts  Indicated  by  the  Armsby  or  Haecker 
standards,   no  attempt   being  made   to   determine   minimum   requirements. 

More  energy  was  employed  in  making  a  rich  than  a  thin  milk,  0.245 
therms  per  pound  being  used  when  3.4  percent  milk  was  made  and  0.524 
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when  6.1  percent  milk  was  made.  The  results  seemed  to  warrant  the  con- 
clusion that  Haecker's  standard  was  insufficient  in  the  case  of  rich  milk  in 
nine  cows;  that  the  production  of  rich  milk  requires  an  increase  in  feed 
intake  in  excess  of  the  increase  in  the  energy  value  of  the  milk;  and  that 
the  lessened  cost  of  fat  production  in  rich  milk  is  due  in  the  main  to  the 
lessened  maintenance  requirements  of  the  lighter  weight  cows  per  fat  unit. 
•  The  author  expresses  the  opinion  that  "the  experiences  of  skillful  feed- 
ers alone  is  sufficient  evidence  that  a  very  high  protein  content  is  necessary 
to  the  sustained  production  of  rich  milk."  He  suggests  on  the  basis  of 
these  trials  and  other  considerations  a  modification  and  extension  of  the 
Armsby  "production  value  tables"  which  he  considers  "the  most  accurate 
basis  so  far  formulated"  as  to  the  requirements  of  milk  production.  This 
takes  the  form  of  a  tentative  sliding  scale  standard  of  protein  and  energy 
values  for  cows  producing  milks  testing  from  3  to  6.5  percent  fat.  Mo.  Sta., 
RacK  Bui.  7,  pp.  91-140  (1918);  Ahstr.  E.  8.  R.  SO,  pp.  773-77^  il9U). 

Hart,  Humphrey  and  their  associates  (1915-1917)  have  shown  that  the 
quality  of  the  protein  ingested  may  affect  the  milk  yield;  that  the  proteins 
derived  from  corn  and  wheat  are  less  efficiently  used  in  milk  production 
than  are  those  derived  from  milk  (casein,  skimmilk  powder),  oil  meal,  dis- 
tillers* dried  grains,  etc.  Their  studies  seem  to  furnish  results  which  to 
some  extent  run  counter  to  those  afforded  by  digestion  trials.^  "Jour.  Biol. 
Chem.  21,  2,  pp.  2S9-253  (1915);  26,  2,  pp.  ^57-^7i  (1916);  Abatr.  E.  8.  R.  S3, 
pp.  275-276  (1915);  S6,  p.  174  (1917). 

Hart  and  Humphrey  (1917)  fed  cows  with  rations  consisting  of  either: 
(a)  corn  stover,  or  (b)  clover  hay,  com  silage  and  com  meal,  or  (c)  alfalfa 
hay,  corn  silage  and  corn  meal;  in  each  instance  adding  a  "supplement" 
consisting  of  a  proteinous  concentrate  (gluten  feed,  linseed  meal,  distillers* 
dried  grains  or  cottonseed  meal)  and  starch,  the  protein  consisting  from 
10  to  12  percent  of  the  dry  matter,  37  to  40  percent  of  which  protein  was 
derived  from  the  supplements.  The  distillers'  dried  grains  proved  to  be  the 
best  supplement.  The  plane  of  nitrogen  intake  (nutritive  ratio)  and  net 
available  energy  of  the  rations  were  kept  closely  uniform — the  former  being 
about  1:8.3. 

At  the  end  of  one  of  these  trials  in  which  clover  hay  was  fed,  together 
with  linseed  meal  as  a  supplement,  casein  was  added  to  the  ration,  the 
nutritive  ratio  narrowed  to  1:5  and  the  revised  ration  fed  for  three  weeks. 
As  a  result  "the  peculiar  stimulating  effect  of  liberal  protein  feeding  on 
mammary  activity  was  strikingly  shown."  Increased  milk  and  total  solid 
yields  resulted.  The  authors  state  that  the  "maintenance  of  milk  flow 
•  *  ♦  is  very  probably  secured  by  ♦  ♦  ♦  high  protein  feeding."  Jour. 
Biol  Ohem.  31,  pp.  44H66  (1917);  35,  pp.  367-383  (1918);  Ahatr.  E.  8.  R.  36, 
p.  671  (1917);  40,  pp.  572-573  (1919). 

Hart  and  Humphrey  (1919),  studying  the  nitrogen  metabolism  of  milch 
cows  fed  home-grown  cereal  grains  with  clover,  hay  and  com  silage,  fed  to 
five  cows  rations  furnishing  protein  intakes  varying  from  2.1  to  2.6  pounds 


*  The  only  concentrate  used  in  the  longr-time  Vermont  feeding  trials  discussed 
In  this  bulletin,  which  In  the  hands  of  Hart  and  his  associates  showed  a  protein 
utilization  figure  decidedly  unlike  those  afforded  by  com  and  wheat  products,  was 
linseed  meal.  This  was  used  in  only  one  of  the  Vermont  rations  and  In  quantities 
furnishing  only  one-fifth  of  the  digestible  protein.  Granting  the  validity  of  their 
point  of  view,  the  effect  upon  the  outcome  of  the  Vermont  trials — if  error  there 
was — may  safely  be  deemed  to  be  negligible. 
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and  nutritive  ratios  of  1:8.8.  Four  of  the  five  shrank  quite  rapidly  in  milk. 
The  authors  hold  that  it  is  impossible  to  furnish  enough  protein  from  a 
ration  of  clover  hay,  silage,  ground  corn,  oats  and  (or)  barley  to  enable 
a  high  producing  cow  to  maintain  her  yield;  and  state  that  the  rapid 
decline  in  milk  production  during  lactation  is  often  due  to  the  low  produc- 
tion values  of  the  proteins  used  and  the  low  plane  of  protein  intake.  Jour, 
Biol,  Chem,  38,  3,  pp.  515-527  {1919);  Abstr.  E.  8,  R.  43,  p,  270  {1920), 

Humphrey  and  Oosterhuis  (1915)  compared  home-grown  grains  and 
purchased  proteinous  concentrates,  feeding  three  lots  of  eight  cows  each 
rations  of  alfalfa  clover  and  timothy  hay,  silage  and  beets,  as  roughages 
and  either  corn  and  oats;  bran,  oats,  distillers'  grains  and  cottonseed  meal; 
or  bran,  oats,  corn,  distillers'  grains  and  oil  meal.  The  purchased  rations 
cost  3  percent  more  than  the  home-grown  ration  and  made  9  percent  more 
product.  The  nutritive  ratios  were  1:5.4  and  1:7.9.  The  purchased  ration 
returned  a  profit  and  added  to  farm  fertility.  Wis  8ta.  Bui,  250,  pp,  46-47 
{1915);  Abstr.  E.  8,  R,  33,  pp.  381-382  {1915). 

EUett  and  Holdaway  (1917)  fed  two  lots  of  two  cows  each  for  long 
periods  of  time  rations  carrying  either  high  energy  and  low  protein  values 
or  low  energy  and  high  protein  values.  The  cows  eating  the  latter  ration 
(nutritive  ratio  1:2.8),  though  leaving  one-fourth  of  their  feed/  consumed 
enough  energy  and  21^  times  as  much  digestible  protein  as  was  needed, 
which  excess  was  digested,  the  excess  nitrogen  being  voided  in  the  urine. 
The  low  protein  cows  lost  in  live  weight,  the  high  protein  cows  gained  in 
live  weight.  The  use  of  the  high  protein  ration  is  deemed  to  favor  the 
production  of  butter  fat  from  substances  other  than  food  fat. 

Drinkard  (1917)  noted  further  that  the  high  energy-fed  cows  consumed 
all  that  was  fed,  but  that  digestion  coefficients  were  greatly  depressed,  that 
of  protein  to  such  an  extent  as  to  induce  protein  starvation  and  loss  of  flesh, 
and  that  of  the  digestible  nutrients  as  a  whole  to  such  an  extent  as  to 
approximate  maintenance  and  milk  needs. 

All  this  is  tantamount  to  indicating  that  excessive  digestible  protein 
usage  results  in  excess  elimination  of  urinary  nitrogen  and  that  excessive 
energy  results  in  lowered  digestibility  of  the  nutrients.  Va.  8ta.  Tech.  Bui. 
12  {1917);  Rpts.  15-16,  pp,  29-45,  *17,  pp,  32-34;  Abstr.  E.  8.  R.  39,  pp.  75-76, 
381  {1918). 

Ellett  and  Holdaway  (1920)  made  two  digestion  and  nitrogen  balance 
studies  of  cows  long  and  continuously  fed,  two  a  high  energy  and  low  pro- 
tein ration  and  two  a  high  protein  and  low  energy  ration.  The  cows  fed 
the  latter  ration  secreted  more  fat  than  they  received,  thus  tending  to  con- 
firm previous  observations  to  the  effect  that  such  rations  promote  the  forma- 
tion of  milk  fat  from  carbohydrates  or  protein.  The  authors*  experience 
indicates  that  when  a  cow  begins  lactation  with  a  deficiency  of  digestible 
protein  in  her  ration  with  enough  or  more  of  energy,  her  digestion 
coefilcients  fall,  her  live  weight  drops,  her  yield  diminishes  at  first  rapidly 
then  more  slowly,  until,  finally,  near  the  end  of  the  period,  her  digestion 
coefilcients  rise  again,  and  she  puts  on  weight,  but  does  not  increase  in 
yield.  Ya.  8ta.  Rsch.  Buls.  12  {1918);  20  {1920);  Abstr.  E.  8.  R.  39,  p.  75 
{1918),  43,  pp.  874-875  {1920). 
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2.    Abstracts  Relating  to  ths  Effect  of  Divebse  Rations  Upon  the 

Quality  of  Milk 

FrilB  (1897)  reviews  eight  years'  feeding  trials  conducted  at  the  Copen- 
hagen (Denmark)  station  from  1888  to  1896,  covering  76  different  experi- 
ments. In  so  far  as  they  relate  to  the  eftect  of  food  on  the  quality  of  the 
milk,  he  is  of  the  opinion  that  they  prove  that  "under  practical  conditions 
as  found  in  (Denmark)  food  exerts  an  entirely  insignificant  influence  on  the 
fat  content  of  the  milk."  Many  rations  were  fed  but  all  were  normal  in 
character.  The  question  of  the  effect  of  abnormal  food  was  not  considered. 
Malkeritid  (1897);  Norsk  Landman8l)lad  1€,  45,  pp.  498-501  (1897);  Biet  18, 
pp.  2S8-247  (1897);  Ahatr.  E,  8,  R.  10,  pp.  86-87  (1898). 

Arenander  (1899)  generalizes  from  data  secured  at  Swedish  creameries 
as  to  the  depressing  effect  of  scant  feeding  on  the  fat  percentage  of  milk. 
He  states  that  on  pasturage  (June  to  September)  average  milk  tests  3.7  to 
4.25  percent,  on  ample  stable  feeding  (October  to  December)  3.3  to  3.6  per- 
cent, and  on  scant  stable  feeding — a  meager  allowance  of  marsh  or  old  stock 
hay — (January-May)  3.2  to  3.3  percent.  He  holds  that  a  change  from  a 
normal  to  a  super-normal  ration  does  not  increase  the  fat  content  of  milk, 
whereas  a  change  from  a  normal  to  a  scant  ration  and  back  again  depresses 
and  then  restores  the  fat  percentage.  Nord.  Mejeri  Tidn.  14,  6,  pp.  76-77,  7, 
p.  91  (1899);  Ahstr.  E.  8.  R.  11,  pp.  184-185  (1899). 

Knierien  and  Buschmann  (1907)  report  that  large  quantities  of  cocoa- 
nut  cake  fed  to  a  herd  of  65  cows  tended  to  increase  fat  percentages  and  of 
brewers'  grains  to  reduce  them  as  compared  with  bran.  Landu).  Jahrh.  96,  2, 
pp.  185-265  (1907);  Ahatr.  E.  8.  R.  19,  p.  75  (1907). 

S.    Abstbactb  Dealing  with  Trials  in  Which  Unusuallt  Heavy  Feeding 

OCCUBBED 

Woll  and  Carlyle  (1899)  studied  the  economy  of  heavy  grain  feeding 
during  two  seasons,  using  8  cows  each  year,  feeding  them  for  three  months, 
the  combined  group  and  reversal  system  being  employed.  Mixed  hay  and 
silage,  linseed  meal,  oats,  bran  and  com  were  fed,  an  average  of  8  pounds 
of  grain  being  fed  as  a  normal  and  12  pounds  as  a  "heavy"  ration. 

No  analyses  seem  to  have  been  made  the  first  year  but  full  data  were 
secured  during  the  second,  the  substance  of  which  may  be  stated  as  follows: 
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No  more  milk  or  fat  were  produced  when  a  12-pcund  grain  rati<Ni  re> 
plaiiEHl  an  S-{K>und  ration  in  the  first  trial  and  4  and  3  percents  more  i 
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made  during  the  second  trial.  Of  course  the  unit  production  of  digestible 
nutrients  was  greatly  diminished  when  the  heavy  grain  feeding  was  in  opera- 
tion. Live  weights  were  not  increased  as  a  result  of  heavy  grain  feeding 
and  after  effects  upon  animal  well-being  were  deemed  to  be  unfavorable. 
The  authors  feel  that  heavy  grain  feeding  is  advisable,  if  at  all,  only  in  case 
of  cows  of  mfirked  dairy  tendencies  which  respond  to  such  feeding  in  terms 
of  milk  rather  than  of  body  weight.  Wis.  8ta.  Rpts,  16,  pp.  52-6^  (1899); 
11,  pp.  Sri-61  (1900);  Ahstr.  E.  B.  R.  12,  pp.  81-82  (1900);  IS,  pp.  80-81 
(1901). 

Waters  and  Hess  (1896)  fed  nine  cows  for  five  months  with  a  view  of 
determining  the  effect  of  heavy  and  light  feeding  on  milk  production.  Mixed 
hay  and  corn  stover  were  used  for  roughages  and  cottonseed  and  com  meals 
as  concentrates.  In  successive  30-day  periods,  6,  12,  18,  12  and  6  pounds  of 
grain  were  placed  in  the  mangers  while  6,  from  10.4  to  11.5,  from  10.9  to 
16.5,  from  12  to  13.1  and  6.7  pounds  were  eaten.  No  cow  ate  18  pounds. 
The  gradual  increases  and  reductions  account  for  undereating  in  the  second 
and  overeating  in  the  fourth  and  fifth  periods.  The  consumption  of  rough- 
age sunk  as  that  of  concentrates  increased,  the  amounts  for  the  several 
periods  being:  hay  9.5,  7.6,  6.4,  5.1,  5.6;  stover,  13.1,  8.2,  6.1,  5.2,  6.6.  The 
proportions  of  digestible  nutrients  supplied  in  the  form  of  roughage  and 
concentrates  were  approximately:  %,  %;  %,  %;  %,  %;  %,  %;  %,  %. 
Digestion  trials  were  concurrently  made  with  three  cows.  The  average  data 
appear  below: 
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Body  weights  were  not  materially  affected.  Clearly  increases  in  the 
amount  of  digestible  nutrients  eaten  and  in  digestible  protein  eaten,  espe- 
cially increases  in  the  proportion  of  concentrates  to  roughage,  tended  to 
augment  milk  yields,  fat  yields,  and,  on  the  whole,  to  Increase  fat  per- 
centages. It  took,  however,  less  food  to  make  a  unit  of  product  on  the 
lighter  grain  feeding,  and,  since  less  of  this  food  was  derived  from  pur- 
chased concentrates,  production  was  secured  at  a  lower  cost.  Pa,  8ta.  Rpt. 
for  1895,  pp.  2h^5;  Ahstr.  E,  8.  R.  8,  pp.  822-823  {1897). 

Dolgikh  (1903),  having  studied  the  literature,  points  out  that  while  the 
quantity  of  the  milk  flow  in  general  is  greater  when  heavy  feeding  replaces 
medium  or  light  feeding,  cows  differ  in  their  ability  profitably  to  handle  food, 
especially  fat.  He  avers  that  heavy  milk  yields  can  be  increased  by  changes 
in  the  feeding,  but  that  these  depend  largely  upon  the  potential  nervous 
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energy  of  the  cow  and  the  physical  development  of  her  various  organs. 
Arch,  Vet,  Nauk.  (St,  Petersburg)  35,  11,  pp.  1118-1159;  12,  pp.  1243-1S25 
(1903);  Abstr,  E.  S.  B,  15,  p.  810  {1904). 

Holtsmark  (1904)  studied  the  production  and  food  consumption  data 
secured  with  846  Norwegian  herds  and  concludes  that  the  Increase  in  pro- 
duction grows  smaller  relatively  as  the  cows  are  more  heavily  fed,  that  is 
to  say,  the  largest  yields  per  unit  of  food  consumption  are  not  secured  by 
the  heartiest  eating.  Arch.  Math.  og.  Naturvid,  26,  2  (1904);  Abstr.  E.  8.  R. 
16,  p.  591  (1905). 

Well,  Voorhles  and  Castle  (1920)  fed  from  14  to  26  cows  in  groups 
by  the  reversal  method,  three  trials  In  all  being  made,  designed  to  compare 
heavy  grain  feeding,  1  pound  per  3  pounds  milk,  with  light  grain  feeding, 
1  pound  per  5  pounds  milk.  In  one  trial  the  fat  yield  was  the  basis  of  grain 
apportionment  instead  of  the  milk  yield.  The  cows  fed  the  heavier  ration 
made  4  percent  more  product,  too  little,  however,  to  repay  the  excess  cost 
of  the  excess  grain.  Cal.  Sta.  Bui.  32S  (1920);  Abstr.  E.  8.  B.  4.^,  p.  270 
(1921). 

4.    Abstracts  Reultino  to  the  Vermont  Station  Feeding  Trials 

(1896-1906) 

The  writer  (J.  L.  H.)  (1896-1906)  conducted  his  first  feeding  trial  with 
dairy  cows  in  1889  and  has  been  at  it  now  for  more  than  30  years.  The 
results  published  prior  to  1895  in  the  third  to  ninth  Vermont  reports  and  in 
bulletin  48  are  of  little  Importance.  He  was  young  in  the  game,  and  methods 
were  not  standardized.  He  was  guilty  of  many  sins  both  of  omission  and 
commission.  Consequently,  no  reference  whatsoever  is  made  to  this  earlier 
work  in  this  connection.  The  results  secured  in  multitudinous  feeding  trials 
from  1896  to  1905  inclusive  have  been  set  forth  in  the  tenth  and  nineteenth 
reports.  They  are  not  above  criticism.  In  recalculating  the  condensed  data 
of  seven  years'  work,  contained  in  the  eighteenth  report,  pages  341-376,  the 
writer  has  been  chastened  by  the  occasional  discovery  of  published  error, 
typographical  or  mathematical,  as  has  also  been  the  case  in  recalculating 
for  the  purposes  of  this  section  of  this  bulletin  the  data  displayed  in  the 
seventeenth  to  nineteenth  reports  inclusive.  However,  no  major  fault  has 
been  disclosed  In  these  resurveys  and  it  is  felt  that  the  data  compare  as  to 
accuracy  and  the  deductions  as  to  validity  with  similar  data  and  deductions 
published  by  other  American  stations,  at  which  feeding  trials  of  a  like 
nature  have  been  conducted.  Of  course  no  comparison  is  suggested  with  the 
results  secured  with  the  more  refined  methods  which  have  been  employed 
during  later  years. 

Since  1906  all  dairy  feeding  work  at  the  Vermont  Station  has  dealt 
with  two  projects,  namely,  the  digestible  protein  requirements  and  the  main- 
tenance requirements  of  dairy  cows;  the  former  reported  upon  in  this  bul- 
letin, the  latter  in  bulletin  226. 

The  data  published  in  the  tenth  and  sixteenth  reports  inclusive  were 
collated,  recalculated  and  discussed  as  a  unit  in  the  eighteenth  report  under 
the  title  "The  Influence  of  Changes  in  Feeding  upon  Milk  Production."  This 
compilation  dealt  with  nearly  1,300  "records"  made  by  327  cows  fed  during 
seven  successive  winter  seasons  (November-May)  by  the  reversal  system. 
A  "record"  consisted  of  the  intake  of  total  and  digestible  dry  matter  and 
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of  the  several  digestible  nutrients  and  the  output  in  terms  of  milk,  total 
solids  and  fat,  including  live  weights,  for  feeding  periods  of  18,  23,  27  or  32 
days'  length,  each  preceded  by  non-experimental  or  preliminary  periods  of 
similar  feeding  of  either  10,  12,  15  or  18  days.  Data  as  to  cost  of  production 
and  the  relation  of  the  several  intakes  (total  dry  matter,  digestible  dry 
matter,  digestible  protein,  digestible  carbohydrates,  calories,  etc.)  to  unit 
production  were  also  published.  These  many  records  were  grouped  in  29 
different  ways  as  set  forth  in  the  table  on  page  345  of  the  eighteenth  report 
and  in  detail  of  the  16  pages  following.  Many  of  the  generalizations  which 
were  hazarded  as  a  result  of  the  study  of  the  tabular  matter  are  pertinent  in 
connection  with  the  long  time  trials  now  under  survey. 

Now  in  view  of  the  fact  that  there  have  been  published  in  the  seven- 
teenth to  nineteenth  reports  approximately  half  as  much  data  again  as  that 
included  in  the  summation  of  the  work  originally  discussed  in  the  tenth  to 
sixteenth  issues,  it  has  seemed  desirable  to  recalculate  this  additional 
material  and  to  combine  it  with  that  of  a  similar  nature  heretofore  pub- 
lished, thus  gathering  in  condensed  form  the  salient  features  of  all  of  the 
1896-1905  dairy  feeding  experience  at  this  Station;  publishing  as  a  unit 
the  essential  outcomes  of  a  quarter  of  a  century's  work  along  dairy  feeding 
lines.  The  1896-1905  data  thus  now  combined  are  based  on  the  use  of  nearly 
500  cows — ^not  separate  individuals  because  the  same  cow  might  be  used 
during  a  half  dozen  seasons — and  nearly  2,000  "records."  How  many  million 
pieces  of  original  data  were  involved,  no  attempt  has  been  made  to  deter- 
mine. Costs  have  not  been  calculated — ^they  are  variable  as  this  generation 
realizes  as  never  before — nor  has  any  attempt  been  made  to  set  forth  the 
relation  of  nutrient  intakes  to  unit  production. 

Certain  of  the  more  pertinent  tabular  matter,  revised,  combined  and 
simplified — more  particularly  those  portions  having  direct  bearing  upon  the 
matter  now  in  hand,  namely,  the  relation  of  digestible  protein  consumption 
to  milk  production,  appear  on  the  following  pages;  and  some  of  the  general- 
izations of  1905  are  again  set  forth,  modified  to  some  extent  as  a  consequence 
of  the  scrutiny  of  the  data  supplied  by  the  calculation  of  the  later  results. 
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A.  Unchanged  rations;  unchanged  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients;  nutritive  ratio  unchanged  (384  compari- 
sons) : 


I 

II 

IL  ±  L. 
Percents . 


lbs. 

24.5 
24.5 

0 

0 


lbs. 

15.7 

15.8 

+  0.1 

+  1 


lbs. 

2.37 
2.37 
0 
0 


lbs. 

13.6 
13.5 

—  0.1 

—  1 


1: 

5.7 
5.7 
0 
0 


lbs. 

18.3 
18.3 

0 

0 


+ 


%  %         lbs.  lbs. 

14.74  5.23       2.69  0.95 

14.79  5.24       2.67  0.95 

0.05  +0.01  —0.02  0 

0  0—1  0 


B.  Changed  rations;  unchanged  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients;  nutritive  ratio  unchanged  (155  compari- 
sons) : 


lbs. 

lbs. 

lbs. 

lbs. 

1: 

lbs. 

% 

% 

lbs. 

lbs. 

I. 

.     25.5 

16.8 

2.44 

14.6 

6.0 

19.9 

14.47 

5.03 

2.88 

1.00 

II. 

.     25.6 

16.9 

2.48 

14.5 

5.8 

19.9 

14.47 

5.07 

2.88 

1.01 

II. 

±  I.. 

.—  0.1 

+  0.1 

+0.04 

—  0.1 

—0.2 

0 

0 

+0.04 

0 

+0.01 

Percents. 

0 

+  1 

+2 

—  1 

—3 

0 

0 

+1 

0 

+1 

C.  Changed  rations;  unchanged  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients— except  digestible  protein  slightly  de- 
creased— nutritive  ratio  widened  (28  comparisons) : 


lbs. 

lbs.        lbs. 

lbs.        1 : 

lbs. 

%           %         lbs. 

lbs. 

1 23.6 

15.3       2.36 

13.2       5.6 

17.0 

14.58       5.18       2.48 

0.88 

II 23.7 

15.3       2.20 

13.2       6.0 

16.8 

14.47       5.12       2.43 

0.86 

n.  ±  L..+  0.1 

0     —0.16 

0      +0.4 

—  0.2 

—  0.11  —0.06  —0.05 

—0.02 

Percents..      0 

0     —7 

0      +7 

—  1 

—  1       —1       —2 

—2 

D.  Unchanged  rations;  Increased  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients — except  digestible  protein;  nutritive  ratio 
widened  (13  comparisons) : 


I. 

lbs. 

.     25.8 
.     27.3 
.+  1.5 
.+  6 

lbs. 

17.2 
18.1 

+  0.9 

+  5 

lbs. 

2.59 

2.54 

—0.05 

—2 

lbs. 

14.7 
15.6 

+  0.9 
+  6 

1: 

5.9 
6.3 

+0.4 
+7 

lbs. 

22.5 
22.5 

0 

0 

% 
14.84 
14.80 
—  0.04 
0 

% 
5.14 
5.15 
+0.01 
0 

lbs. 

3.32 
3.32 
0 
0 

lbs. 
1.15 

II. 

1.15 

II.  ±  I.. 

Percents. 

0 
0 
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E.  Unchanged  rations;  slightly  decreased  amounts  of  total  and  digest- 
ible dry  matter  and  of  digestible  nutrients — except  digestible  protein;  nutri- 
tive ratio  narrowed  (41  comparisons) : 


lbs.        lbs.  lbs.         lbs.        1 : 

1 27.0       17.9  2.65       15.5       6.0 

II 26.3       17.6  2.72       16.1       5.7 

II.  ±  I...—  0.7  —  0.3 

Percents.. —  3     —  2  +3 


+0.07  —  0.4  —0.3 


—  3     — 5     — 


lbs.  %  %  lbs.         lbs. 

21.8       14.64       5.13       3.14       1.09 
21.5       14.69       6.10       3.10       l.OS 
0.3  —  0.05  —0.03  —0.04  — O.Ol 
1  0—1—1       —1 


F.  Changed  rations;  decreased  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients — except  digestible  protein;  nutritive  ratio 
narrowed  (13  comparisons) : 


lbs. 

lbs. 

lbs. 

lbs. 

1: 

lbs. 

% 

% 

lbs. 

lbs. 

I. 

.     27.7 

18.7 

2.29 

16.5 

7.3 

17.5 

14.66 

5.23 

2.54 

0.89 

II. 

.     25.7 

17.0 

2.31 

14.8 

6.6 

17.6 

14.63 

6.23 

2.65 

0.90 

11. 

±  I.. 

.—  2.0 

—  1.7 

+0.02 

—  1.7 

—0.7 

+  0.1 

—  0.03 

0 

+0.01  +0.01 

Percents. 

.—  7 

—  9 

+1 

—10 

—9 

0 

0 

0 

0 

+1 

G.  Changed  rations;  unchanged  amounts  of  total  and  digestible  dry 
matter;  amounts  of  digestible  carbohydrates  slightly  decreased;  amounts  of 
digestible  protein  increased;  nutritive  ratio  narrowed  (20  comparisons): 


lbs. 

lbs. 

lbs. 

lbs. 

1: 

lbs. 

% 

% 

lbs. 

lbs. 

I. 

.     26.3 

17.7 

2.15 

15.8 

7.8 

20.7 

14.78 

5.29 

3.03 

1.08 

II. 

.     26.2 

17.8 

2.64 

15.5 

6.1 

21.7 

14.65 

5.22 

3.15 

1.11 

II. 

±  I.. 

.—  0.1 

+  0.1 

+0.49 

—  0.3 

—1.7 

+  1.0- 

-  0.13 

—0.07 

+0.12  +0.03 

Percents. 

0 

+  1    +23 

—  2    - 

-22 

+  5     - 

-  1 

— 1 

+4 

+3 

H.  Unchanged  rations;  unchanged  amounts  of  total  and  digestible  dry 
matter  and  digestible  nutrients — except  protein  decreased;  nutritive  ratio 
widened  (11  comparisons): 


lbs. 

lbs. 

lbs. 

lbs.        1 : 

lbs.            %           % 

lbs. 

lbs. 

I 

.     27.3 

18.0 

2.84 

16.3       5.6 

21.9       14.43       4.96 

3.15 

1.08 

II 

.     27.2 

17.8 

2.64 

15.3       6.0 

21.1       14.59       5.13 

3.02 

1.06 

II.  ±  I.. 

.—  0.1 

—  0.2 

—0.20 

0      +0.4 

—  0.8  +  0.16  +0.17 

—0.13 

—0.02 

Percents . 

0 

—  1 

—7 

0      +7 

-4+1        +3 

—4 

—2 
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I.  Changed  rations;  unchanged  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients — except  protein,  decidedly  decreased ;  nutri- 
tive ratio  widened  (43  comparisons) : 


lbs. 

1 25.0 

II 24.9 

II.  ±  I...—  0.1 
Percents..      0 


lbs.        lbs.  lbs. 

16.0      2.58  13.7 

15.7      1.88  13.8 

—  0.3  —0.70  +  0.1 

—  2   —27  4-  1    - 


1: 

lbs. 

% 

% 

lbs. 

lbs. 

5.3 

17.8 

14.94 

5.40 

2.66 

0.9C 

7.3 

17.4 

15.05 

5.39 

2.62 

0.94 

+2.0 

—  0.4 

+  0.09  —0.01  --0.04  —0.02 

h38 

—  2 

+  1 

0 

—2 

—2 

K.  Unchanged  rations;  increased  amounts  of  total  and  digestible  dry 
matter  and  all  digestible  nutrients;  nutritive  ratio  very  slightly  narrowed  (97 
comparisons) : 


lbs. 

1 27.4 

II 29.3 

11.  ±  L..+  1.9 
Percents. .+  7 


lbs.         lbs.         lbs.        1:         lbs. 

18.0      2.53       15.7       6.4      24.5 
19.4       2.81       16.8       6.2      25.2 
+  1.4  -f  0.28  +  0.9  —0.2  +  0.7 
+  7    +11        +6     —3      +3 


%  %          lbs.         lbs. 

14.74  5.15       3.58       1.24 

14.77  5.17      3.67       1.2S 

+  0.03  +0.02  +0.09  +0.05 

0  0+3+4 


L.  Changed  rations;  increased  amounts  of  total  and  digestible  dry 
matter  and  all  digestible  nutrients;  nutritive  ratio  narrowed  (392  com- 
parisons) : 


lbs. 

1 25.6 

II 27.6 

II.  ±  I...+  2.0 
Percents..  +  8 


lbs.         lbs.  lbs.        1:         lbs. 

16.6       2.25  14.5       6.8       20.6 

18.6       2.80  15.9       5.9       21.6 

+  1.9  +0.55  +  1.4  —0.9  +  1.0 

+12    +25  +10   —13      +  5 


% 

Tr 

lbs. 

lbs. 

14.37 

5.05 

2.96 

L04 

14.40 

5.05 

3.11 

1.09 

+  0.03 

0 

+0.15 

+0.05 

0 

0 

+5 

+5 

M.  Unchanged  rations;  decreased  amounts  of  total  and  digestible  dry 
matter  and  all  diinestible  nutrients;  nutritive  ratio  unchanged  (168  oom- 
parisons) : 


u«. 

Ibs^ 

lbs. 

lb&        1: 

lh& 

*> 

n^ 

Ib& 

lbs. 

I 

.     2S.2 

189 

2.82 

16.3       5.9 

19.5 

15.18 

5.45 

2.95 

1.05 

II 

.     26.2 

17.6 

2.61 

15.1       5.8 

18.7 

15-26 

5.53 

2.81 

1.01 

II.  -^  I.. 

.—  2.0 

—  1.3 

—2.1 

—  1.2  —0.1 

—  0.8 

-:-  OOS 

-i-0.08  - 

-0.14  - 

-0.04 

Percents. 

. —  1 

« 

•• 

—  7      — 2 

—  4 

—  1 

— 1 

-5       - 

-* 

The  Protein  Requirements  of  Dairy  Cows 


171 


1 

c 

>. 

u 

•«i« 

.C-t-* 

0) 
■«-> 

>» 

2 

09 
O 

E 

0. 

d'd 

so 

09 

i:^- 

4> 

® 

« 

•5 

5 

^5 

J3 

gs 

•»4 

s 

o 
eo 

*j*j 

'I-' 

4J-*-l 

•*-• 

^H 

so  Tit 

eo 

GO  c4 

W« 

«— * 

,_^ 

& 

3 

^ 

a 
o 

OS 

h 

5 

0 

0 

5?: 

9 

.  H 

fc 

h 

d 
^ 


N.  Changed  rations;  decreased  amounts  of  total  and  digestible  dry 
matter  and  all  digestible  nutrients;  nutritive  ratio  widened  (280  com- 
parisons) : 


I 

II 

II.  ±  I.. 
Percents. 


lbs.        lbs.         lbs. 

27.4       18.4       2.81 
24.6       16.2       2.11 
■  2.8  —  2.2  —0.70 
-10      —12    —25 


lbs.        1 : 

15.7  5.8 
14.2  7.1 
-  1.5  4-1.3 
-10    +22 


lbs.  %  %  lbs.         lbs. 

20.4  14.47  5.10  2.95  1.04 
18.6  14.57  5.16  2.71  0.96 
•  1.8  +  0.10  +0.06  —0.24  —0.08 
-9+1        +1       —8       —8 


O.  Changed  rations;  decreased  amounts  of  total  and  digestible  dry 
matter  and  all  digestible  nutrients;  nutritive  ratio  slightly  widened  (277 
comparisons) : 


I 

II 

II.  ±  I.. 
Percents . 


lbs.        lbs.         lbs.         lbs.        1 :         lbs.  %           % 

28.3       19.0       2.72       16.3       6.4       21.2  14.81       5.26 

26.3       17.6       2.44       15.2       6.7       20.4  14.85       5.33 

-  2.0  —  1.4  —0.28  —  1.1  +0.3  —  0.8  +  0.04  +0.07 

-7     —  7   —10       —7+5—4  0  +1 


lbs.  lbs. 

3.09  1.07 

2.94  1.04 

-0.15  —0.03 

-5  —3 


P.  Changed  rations;  increased  amounts  of  total  and  digestible  dry 
matter  and  digestible  nutrients — except  protein,  which  is  decreased;  nutri- 
tive ratio  widened  (48  comparisons) : 


lbs.       lbs. 

1 25.5  16.7 

II 26.7  17.7 

II.  ±  I...+  1.2  +  1.0 

Percents . .  +  5  +6 


lbs.         lbs.        1 :  lbs. 

2.64       14.4       5.5  20.9 

2.44       15.8       8.0  20.8 

—0.20  +  1.4  +2.5  —  0.1 

—8        +10    +45  0 


%  % 

14.50       5.04 
14.47       5.00 
-  0.03  —0.04 
0       —1 


lbs. 

3.03 
3.01 

—0.02 

— 1 


lbs. 

1.05 
1.04 
-0.01 
-1 


Q.  Changed  rations;  decreased  amounts  of  total  and  digestible  dry 
matter  and  of  digestible  nutrients — except  digestible  protein,  which  is  in- 
creased; nutritive  ratio  narrowed  (63  comparisons): 


I 

II 

II.  ±  I.. 
Percents. 


lbs.        lbs.         lbs.         lbs.        1 :         lbs. 

27.8  19.0       2.29       16.8       7.7       19.9 

25.9  17.7  2.77  15.2  5.6  19.6 
■  1.9  —  1.3  +0.48  —  1.6  —2.1  —  0.3 
-7     —  7    +21  —10   —27  —  2 


%           %         lbs.  lbs. 

15.01       5.38       2.95  1.05 

15.12       5.47       2.93  1.05 

+  0.11  +0.09  —0.02  0 

+  1+2—1  0 
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1.  As  to  the  quality  of  milk.  In  but  a  single  Instance  (H,  11  compari- 
sons) was  the  quality  of  the  milk  changed,  and  then  the  increase  was  but 
0.17  percent  fat;  and  four-fifths  of  this  change  is  located  in  three  of  the  11 
comparisons.  This  is  tantamount  to  saying  that,  when  collated  in  the  man- 
ner shown  in  the  preceding  tables,  only  three  out  of  nearly  2,000  compari- 
sons was  there  manifested  any  material  change  in  the  quality  of  the  milk 
as  a  result  of  changes  in  feeding.  It  should  be  remembered  In  this  connec- 
tion that  these  comparisons  have  to  do  with  the  records  made  by  cows  after 
they  had  been  placed  on  a  definite  ration  for  from  10  to  15  days,  giving  them 
some  little  time  in  which  to  become  accustomed  to  the  change  in  feed;  that, 
in  other  words,  the  comparisons  were  made  In  such  fashion  that  in  case 
temporary  changes  in  quality  were  brought  about  as  a  result  of  ration 
changes — which  does  not  necessarily  occur — ^they  were  largely  eliminated. 
Furthermore,  it  should  be  remembered  that,  owing  to  the  large  number  of 
cows  used  and  the  great  number  of  comparisons  made,  the  bovine  personal 
equation  was  practically  eliminated.  The  thesis  that  under  normal  condi- 
tions food  changes  do  not  materially  affect  the  fat  content  of  milk  has  now 
become  so  thoroughly  established  as  to  need  little  further  argument;  yet 
such  a  weight  of  testimony  as  is  here  adduced  by  the  data  secured  during 
ten  years  with  nearly  500  cows  making  nearly  2,000  "records"  is  rarely  sup- 
plied; and  hence  the  emphasis  laid  upon  it. 

2.  As  to  experimental  error.  Table  A,  covering  384  comparisons,  fur- 
nishes ample  testimony,  if  such  is  needed,  that  the  factor  of  experimental 
error  is  not  one  which  need  be  reckoned  with  provided  the  number  of  obser- 
vations or  comparisons  is  reasonably  large.  In  this  connection,  attention  is 
invited  to  ten  years  of  work  along  this  line,  cited  in  the  eighteenth  report, 
page  403. 

3.  Relation  of  food  consumption  and  milk  production, 

a.  When  like  quantities  of  the  several  nutrients  were  eaten,  production 
remained  unaltered  (A,  B,  E). 

b.  A  5  percent  change  in  total  and  digestible  dry  matter  consumption 
entailed  no  change  in  production;  a  7  to  8  percent  change  was  followed  by  a 
3  percent  change  in  production;  and  a  10  to  12  percent  change  by  an  8  per- 
cent change  in  production.  In  other  words,  as  food  intake  varied,  so  did 
the  yields  of  milk  and  solids,  but  to  a  less  degree.  In  those  comparisons 
wherein  larger  proportions  of  digestible  dry  matter  were  derived  from  the 
grain  rations  on  one  side  of  the  comparisons  than  there  were  on  the  other, 
there  appeared  to  be  a  tendency  towards  a  somewhat  larger  production  when 
rations  were  used  in  which  the  proportion  of  concentrate  to  roughage  was 
relatively  greater  (D,  F,  K  to  Q). 

c.  When  like  quantities  of  total  and  digestible  dry  matter  were  eaten, 
but  either  less  or  more  digestible  protein  was  supplied,  the  milk  fiow  was 
accordingly  increased  or  diminished;  that  is  to  say,  when  the  digestible 
protein  supply  was  inordinately  or  disproportionately  raised  or  lowered,  as 
compared  with  that  of  the  other  nutrients,  the  gains  or  losses  in  yields  were 
still  further  modified  in  the  direction  of  the  digestible  protein  change,  to  the 
extent  on  the  average  of  2  percent,  as  compared  with  similar  gains  or  losses 
when  all  the  nutrients  were  proportionately  raised  or  lowered.  In  other 
words,  the  milk  yields  increased  or  decreased  with  more  or  less  food  intake, 
raising  a  little  higher  and  shrinking  a  little  more  in  accordance  with  the 
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relative  liberality  on  the  one  hand  or  paucity  on  the  other  of  the  digestible 
protein  intake  (C,  G,  H,  I). 

d.  Concerning  digestible  protein.  A  3  percent  increase  or  decrease  in 
digestible  protein  intake  was  without  effect  upon  production;  a  10  percent 
increase  or  decrease  was  accompanied  by  a  corresponding  change  in  yield, 
amounting  to  2  to  3  percent;  and  a  20  to  25  percent ■  increase  or  decrease  by 
a  corresponding  change,  amounting  to  4  to  6  percent. 

When  the  digestible  protein  content  of  the  ration  was  lowered  and  other 
nutrients  were  eaten  in  like  quantities,  yields  were  diminished  by  2  to  3 
percent  (C,  H,  I) ;  when  digestible  protein  alone  among  the  nutrients  was 
not  increased  in  quantity,  yields  remained  unchanged  (D) ;  when  digestible 
protein  alone  was  lowered  in  quantity  and  all  the  other  nutrients  were 
increased,  the  yields  dropped  1  percent  (P). 

When  all  the  nutrients  were  lessened  proportionately  in  amounts,  yields 
decreased  4  percent  (M,  O). 

When  all  the  nutrients  were  lessened  in  amount,  the  digestible  protein 
proportionately  to  the  greatest  extent,  the  yields  dropped  8  percent  (N). 

When  the  digestible  protein  content  of  the  ration  was  raised^  and  the 
other  nutrients  were  eaten  in  like  quantities,  the  yields  increased  4  percent 
(G) ;  when  digestible  protein  alone  among  the  nutrients  was  not  decreased 
in  quantity,  yields  remained  unchanged  (E,  F) ;  when  it  alone  among  the 
nutrients  was  increased  in  quantity  and  all  other  nutrients  were  decreased 
in  quantity,  the  yields  dropped  1  percent  (Q). 

When  all  the  nutrients  were  increased  proportionately,  yields  showed  a 
3  percent  gain  (K). 

When  all  the  nutrients  were  increased  in  amounts,  digestible  protein 
proportionately  to  the  greatest  extent,  yields  were  increased  by  5  percent  (L). 

The  writer  summed  up  his  Judgment,  touching  food  effects  upon  milk 
yields,  15  years  ago  as  a  result  of  his  study  of  the  data  presented  in  the 
eighteenth  report,  in  the  following  words,  which  he  feels  accurately  repre- 
sents his  present  point  of  view,  formed  after  a  resurvey  of  the  entire  aug- 
mented material  as  well  as  of  the  results  obtained  during  the  prolonged 
study,  the  results  of  which  are  set  forth  in  this  bulletin. 

"The  ultimate  effect  of  a  given  food  supply  upon  the  milk  flow  is  doubt- 
less the  more  or  less  composite  result  of  several  coincidently  active  factors, 
including,  primarily,  changes  in  the  amounts  of  digestible  nutrients  taken 
as  a  whole;  secondarily,  changes  in  the  amounts  of  digestible  protein;  and, 
probably,  in  the  third  place,  modifications  in  the  proportions  of  digestible 
nutrients  consumed  in  concentrates  and  in  roughage. 

"The  writer's  study  of  these  data  leads  him  to  the  conclusion  that  as  a 
whole  they  do  not  support  the  doctrine  which  lays  extreme  stress  on  the 
paramountcy  of  protein;  that  they  indicate  that  a  ration  with  a  nutritive 
ratio  wider  than  1:6,  perhaps  as  wide  as  1:7,  or,  indeed,  in  some  cases  one 
slightly  wider,  may  prove  economically  as  effective  as  the  traditional  1:5.4; 
that  a  sufficiency  of  nutrients,  affording  enough  available  energy  for  bodily 
needs,  if  carrying  a  fair  amount  of  digestible  protein,  not  necessarily  as 
much  as  2.5  pounds,  may  prove  economically  as  serviceable  as  does  a  richer 
ration."  Vt.  Sta,  Rpts.,  17,  pp.  J,62-511  (i904) ;  /8,  pp.  3U-Wt  {1905);  19.  pp. 
S02-SS1  (1906);  Abstr.  E.  8.  R.  It,  pp.  2S/f-2f<r),  1105-1106  {1905-1906);  19,  p. 
273  {1907). 
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5.    Abstracts  Relatino  to  the  Minnesota  Feeding  Tbials,  1900-1914 

Haecker'B  principal  investigations  (1900-1914)  dealing  with  the  protein 
problem  were  carried  on  during  several  winters  and  have  attracted  rather 
more  attention  than  have  other  studies,  more  particularly  because  of  the 
wide  currency  given  to  certain  observations  as  to  the  physical  well-being  of 
the  cows  made  by  the  late  Ex-Governor  W.  D.  Hoard  of  Wisconsin.  The 
data  were  secured  in  detached  winter  feeding  trials,  no  long  continued  con- 
secutive work  having  been  done.  Several  of  the  earlier  trials  were  con- 
ducted for  short  feeding  periods  only  and,  consequently,  the  validity  of  the 
results  may  properly  be  questioned.  The  trials  conducted  during  four  suc- 
cessive winters,  1901-02  to  1904-05,  were  comprehensive,  the  results  aftorded 
were  quite  definite  and  many  suggestive  deductions  have  been  drawn. 

The  following  statement  seems  accurately  to  set  forth  the  conditions 
obtaining  during  the  eight  successive  periods  of  winter  feeding  at  the 
Minnesota  Station  from  1901-02  to  1908-09  (designated  a-h  inclusive) : 

(1)  The  average  daily  digestible  protein  intakes  were:  (a)  2,  1.7, 
1.3;  (b)  1.9,  1.3;  (c)  2,  1.3;  (d)  1.9,  1.3  and  1.9  (to  same  group);  (e)  1.6; 
(f)  1.7;   (g)  1.8;   (h)  1.9. 

(2)  The  average  length  of  the  winter  feeding  periods,  stated  in  terms 
of  months,  were:  (a)  2;  (b)  3.3;  (c)  6.3;  (d)  5.7;  (e)  5.6;  (f)  5.1;  (g) 
5.4;  (h)  5.3. 

(3)  The  group  system  was  used  throughout,  three  groups  being  used 
in  1901-02,  two  from  1902-03  to  1904-05,  and  single  groups  only  from  1905-06 
to  1908-09. 

(4)  The  numbers  in  the  groups  were:  (a)  6,  6  and  6;  (b)  10  and  9; 
(c)  7  and  7;  (d)  9  and  10;  (e)  16;  (f)  22;  (g)  17;  (h).25. 

(5)  No  statement  whatsoever  is  made  as  to  the  feeding  or  the  life  his- 
tory of  the  cows  during  approximately  seven  months  of  each  year.  If  records 
were  kept,  they  have  not  as  yet  been  published,  so  far  as  the  writer  is 
aware.  Not  the  slightest  clue  is  furnished  as  to  their  feeding  during  this 
time,  whether  it  was  liberal  or  scanty,  or  as  to  the  protein  content  of  the 
rations  fed  during  the  late  springs,  summers  and  autumns  of  1901  to  1909 
inclusive. 

(6)  The  personnel  of  the  groups  varied  from  year  to  year.  There  were 
150  registrations,  25  cows  being  used  but  once,  7  twice,  5  thrice,  3  four  times, 
3  five  times,  2  six  times,  7  seven  times  and  one  throughout  the  entire  8 
winters.  Fifty-three  different  cows  were  used.  Sometimes  the  same  animals 
were  used  in  consecutive  winters  and  sometimes  not;  sometimes  cows  fed 
either  as  much  as  1.9  to  2  pounds  or  as  little  as  1.3  pounds  of  digestible 
protein  one  season  (during  the  years  1901-02  to  1904-05)  were  fed  a  similar 
amount  during  succeeding  seasons  and  sometimes  they  were  fed  quite  differ- 
ent amounts.  In  the  18  instances  in  which  with  a  given  cow  two  or  more 
feeding  seasons  occurred  during  the  first  four  years  when  comparative 
rations  were  being  fed,  in  11  the  rations  fed  during  successive  winters  were 
of  the  same  general  character  as  regards  their  digestible  protein  intakes, 
while  in  7  the  rations  fed  during  two  or  more  winters  were  highly  dissimilar 
in  this  respect. 

(7)  The  only  statements  made  as  to  the  physical  well  being  of  the 
cows  in  connection  with  these  studies  may  be  succinctly  set  forth  as  follows: 

1902-03.  9  cows  fed  an  average  of  1.3  pounds  of  digestible  protein, 
average  weight  850  pounds;  10  cows  fed  an  average  of  1.9  pounds  digestible 
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protein,  average  weight  880  pounds;  for  an  average  of  100  days;  10  having 
been  fed  either  averages  of  2,  1.7  or  1.3  pounds  digestible  protein  during 
eight  weeks  in  the  preceding  winter,  only  one,  however,  receiving  1.3  for 
eight  weeks  in  1901-02  and  the  same  amount  for  12  weeks  in  1902-03.  Judged 
by  the  then  station  director,  chemist,  veterinarian  and  animal  husbandman: 
"little  difference  in  the  general  appearance  of  the  groups;  in  good  physical 
condition;  group  I.  (fed  1.3  pounds  96  days)    (being)  a  little  more  spare." 

1903-04.  7  cows  fed  an  average  of  1.3  pounds  digestible  protein,  average 
weight  860  pounds;  7  cows  fed  an  average  of  2  pounds  digestible  protein, 
average  weight  910  pounds;  for  an  average  of  192  days;  5  of  the  cows  were 
under  test  for  the  third  successive  winter,  6  for  the  second  and  3  were  new- 
comers. The  protein  intakes  of  the  first  five  during  the  three  successive 
winter  feeding  periods  of  66  days,  84  days  and  192  days  were  2,  1.3  and  1.3; 
2,  1.9  and  2;  1.7,  1.9  and  1.3;  1.3,  1.9  and  2;  and  1.3,  1.3  and  1.3  pounds. 
The  protein  intakes  of  the  six  fed  during  two  successive  winter  feeding 
periods  of  84  and  192  days  were  in  four  instances  1.9  and  2,  and  of  two 
were  1.3  and  1.3  pounds.  The  three  newcomers  ate  2,  1.3  and  1.3  pounds. 
Judged  by  the  same  station  officials  as  in  the  preceding  year:  "The  cowii 
receiving  the  low  protein  ration,  though  rather  spare,  were  apparently  in 
fine  physical  condition." 

Dean  W.  A.  Henry  (then  Director  of  the  Wisconsin  Experiment  Station), 
judging  the  animals  by  pairs,  i.  e.,  a  2-pound  digestible  protein  intake  cow  vs. 
a  1.3-pound  digestible  protein  intake  cow,  could  detect  "no  apparent  difference 
in  their  physical  condition";  judging  the  groups  as  a  whole  he  deemed  both 
to  be  "in  good  working  condition,"  but  those  fed  the  lower  protein  ration 
to  be  "a  trifie  spare." 

The  late  Ex-Crovernor  W.  D.  Hoard  of  Wisconsin,  judging  by  pairs, 
"feeling  the  coat  and  skin  on  various  parts  of  the  body  •  •  •  paying 
little  attention  to  the  appearance  of  the  cows"  in  seven  comparisons  infal- 
libly selected  the  cow  fed  the  lower  protein  ration  and  detected  the  one  case 
when  two  cows  were  paired  for  his  judgment,  both  of  which  had  been  simi- 
larly fed.  "He  had  little  difficulty  in  pointing  out  the  ones  fed  on  a  low 
protein  ration"  and  stated  that  his  basis  of  judgment  was  "the  feel  of  the 
skin,"  i.  e.,  its  thickness  or  thinness,  the  thin  skinned  cows  being  deemed 
the  low  protein  fed  animals.  The  author  concludes  on  the  basis  of  this  exam- 
ination— which  in  another  portion  of  the  bulletin  he  characterizes  as  "re- 
markable decisions" — that  despite  the  fact  that  "in  general  appearance  the 
two  groups  were  closely  matched  •  *  •  though  one  (was)  a  trifle  sparer 
than  ♦  ♦  ♦  the  other  ♦  ♦  ♦  there  was  a  difference  in  their  physical 
condition." 

1904-06.  No  physical  examination  was  made.  However,  the  author 
refers  to  "the  impoverished  condition  of  the  nitrogenous  substances  of  the 
body  of  the  cows  that  had  been  on  the  very-low-protein  rations  for  from 
two  to  four  winters."  Of  the  10  cows  on  the  low  protein  ration,  one  had 
been  thus  fed  during  four  winters,  an  aggregate,  so  far  as  there  is  any 
record  to  indicate,  of  14.7  months  out  of  40;  three  had  been  thus  fed  three 
winters,  an  aggregate  apparently  of  14.2  months  out  of  29.6;  two  had  been 
thus  fed  two  winters,  an  aggregate  apparently  of  10.2  months  out  of  19;  an 
average  of  less  than  one-half  the  time. 

The  feeding  system  employed  at  the  Minneapolis  station  during  the  fol- 
lowing winters  up  to  and  including  1908-09  furnished  a  more  liberal  protein 
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supply.  In  the  four  trials  wherein  comparisons  between  a  1.9-  to  2-pounds  and 
a  1.3-to  1.4-pound  digestible  protein  ration  were  instituted,  in  three  years  out 
of  four  the  group  fed  the  larger  amount  of  digestible  protein  made  the  most 
milk;  in  each  year  the  most  total  solids  and  fat;  twice  its  milk  carried  a 
lower  and  twice  a  higher  total  solid  percentage;  twice  a  higher,  once  a  lower 
and  once  an  unchanged  fat  percentage;  and  twice  a  lower  body  weight  was 
secured  when  the  lower  protein  ration  was  fed  and  once  the  live  weight 
remained  unchanged,  while  no  record  was  available  in  one  case.  In  each 
instance  the  cows  fed  the  larger  amount  of  digestible  protein  received  the 
larger  amount  of  digestible  nutrients,  the  increases  being  6,  11,  5  and  9  per- 
cents,  whereas  the  milk  yield  increases  were  4,  6,  — 6  and  22  percents. 

Speaking  broadly,  the  increased  intakes  of  digestible  protein  and,  simul- 
taneously, of  total  digestible  nutrients  resulted  in  more  milk,  total  solids 
and  fat.    Minnesota  8ta,  Bui.  1^0   {19 H) ;  Abatr.  E.  S.  R.  SI,  pp,  610-673 

(1914). 

Some  stress  is  laid  by  the  writer  (J.  L.  H.)  on  this  analysis  of  the  pub- 
lished data  relating  to  the  Minnesota  experiments  for  the  reason  that  much 
has  been  made  of  the  single  physical  examination  conducted  by  the  late  Ex- 
Governor  Hoard,  the  results  of  which,  moreover,  were  quite  counter  to  those 
made  by  another  skilled  observer  at  the  same  time  with  the  same  cows.  These 
"remarkable  decisions*'  have  been  heralded  far  and  wide.  They  have  led 
one  of  the  best  of  our  feeding  authorities  to  declare  in  a  textbook  which  has 
extremely  wide  vogue,  of  which  many  editions  have  been  printed — ^referring  to 
the  Haecker  cows — that  "under  good  care  and  otherwise  liberal  feeding  (the 
cows)  for  long  periods  continue (d)  a  good  flow  of  milk  on  a  surprisingly 
small  allowance  of  crude  protein,  (but  that)  after  some  years  of  such  feed- 
ing their  vitality  was  so  depleted  that  they  became  physical  wrecks  long 
before  their  time." 

Such  statements  seem  to  the  writer  to  be  unfortunate ;  for  they  are  predi- 
cated upon  a  single  observation  made  by  one  person  only  upon  nine  cows, 
which,  so  far  as  published  records  indicate,  had  not  been  fed  for  "some 
years*'  "on  a  surprisingly  small  allowance  of  crude  protein"  but  of  one  cow 
thus  fed  during  11  of  30  months,  of  three  cows  thus  fed  during  9  of  18 
months,  and  of  some  fed  thus  for  only  six  and  a  half  months.  The  wide 
currency  given  this  statement — which,  in  the  writer's  opinion,  does  not 
appear  to  be  warranted  by  the  published  data — ^seems  particularly  unfor- 
tunate in  view  of  the  fact  that  it  is  not  in  line  with  the  results  secured  here. 
The  Vermont  results,  furthermore,  were  secured  with  large  numbers  of  cows 
which  were  fed,  not  during  a  few  isolated  winter  seasons,  but  for  12^4  years, 
365  (or  366)  days  in  the  year,  year  in  and  year  out  on  low,  indeed,  on  very 
low  protein  rations.  Judged  repeatedly  during  several  years,  not  by  single 
individuals  but  by  several  different  boards  of  experts  in  animal  nutrition, 
veterinarians,  investigators  and  teachers  in  dairy  and  animal  husbandry, 
practical  breeders,  cattle  buyers  and  the  like;  Judged,  furthermore,  not 
simply  on  the  basis  of  "the  feel  of  the  skin"  but  in  a  dozen  or  more  different 
ways. 

Haecker^  states  that  "the  animal  body  can  stand  shortage  of  protein  for 
several  months,  and  then  show  the  bad  effect  only  to  the  trained  observer. 
It  was  found  necessary  to  continue  the  cows  on  low  protein  diet  for  three 


*  Minn.   Sta.  Rpt.  21,  p.  30   (1913). 
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years  before  it  was  possible  to  state  the  effect  with  certainty.  When  the 
change  does  come,  it  comes  quickly  and  the  results  are  marked."  This  state- 
ment is  made  apart  from  all  data  substantiating  it.  It  is  based,  of  course, 
upon  the  results  reported  in  bulletin  140,  and  its  predecessors.  Particular 
attention  should  be  paid  to  the  statement  made  by  the  writer  (J.  L.  H.)  in 
the  preceding  paragraph  as  to  the  extent  of  the  trials. 

The  second  sentence  in  the  above  quoted  material  is  the  only  indication 
the  writer  has  been  able  to  find  anywhere  to  the  effect  that  the  Minnesota 
cows  were  "continue (d)  on  the  low-protein  diet  for  three  years."  This 
statement  does  not  occur  in  any  bulletin  given  over  to  the  description  of 
the  trials  in  question,  so  far  as  the  writer  can  ascertain  by  careful  reading, 
nor,  so  far  as  the  writer  is  aware,  does  any  statement  remotely  resembling  it 
occur  in  any  other  publication. 

6.    Abstbacts  ReiiAting  to  the  Missouri  Sub-  ob  Supeb-nobmal  Feeding  Tbiaub 

Eckles  and  Palmer  (1916)  overfed  or  underfed — or  both — 6  registered 
cows,  the  records  of  which  are  applicable  to  the  present  study.  The  writer 
(J.  L.  H.)  has  worked  over  the  original  data  published  by  the  authors  in  a 
somewhat  different  fashion  than  they  followed,  but  feels  confident  that  the 
outcome  in  each  case  is  accurately  portrayed. 

*  Alfalfa  hay  and  grain  (4  parts  corn  meal,  2  parts  wheat  bran,  1  part 
linseed  meal)  were  fed  to  all  the  cows  and  silage  or  green  alfalfa  to  three 
of  them.  No  analyses  other  than  the  determination  of  energy  values  seem 
to  have  been  made,  or,  at  any  rate,  published  in  the  bulletins  reviewed. 
However,  using  average  analyses  and  digestion  coefficients  it  would  appear 
that  presumably  the  cows  fed  no  silage  ate  rations  of  a  very  uniform  nutri- 
tive ratio,  1:4.7  or  4.8,  whereas  those  fed  silage  or  green  alfalfa  ate  rations 
with  nutritive  ratios  ranging  from  1:5.4  to  1:6.1  (with  one  exception,  1:6.6). 
In  15  of  the  comparisons  made  in  the  following  pages,  1.8  pounds  digestible 
protein  or  more  were  eaten  per  1,000  pounds  of  live  weight;  in  five  instances 
from  1.4  to  1.65  pounds  and  in  two,  1.  and  1.2  pounds. 

The  salient  features  of  the  trials,  according  to  the  method  employed  in 
this  discussion  and  from  the  point  of  view  of  this  bulletin,  are  set  forth 
in  the  following  table: 
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402 

1130 

13.4 

13.56 

4.06 

3.31 

6.19 

1.81 

0.54 

0.44 

0.83 

Normal 

1206 

15.4 

13.29 

3.69 

3.66 

5.94 

2.05 

0.57 

0.56 

0.91 

Supernormal 

1155 

10,8 

13.17 

4.00 

3.44 

5.73 

1.42 

0.43 

0.37 

0.62 

Subnormal 

2 

726 

10 

13.64 

4.42 

3.64 

5.58 

1.36 

0.44 

0.36 

0.56 

Normal 

784 

11.2 

13.94 

4.53 

3.50 

5.91 

1.56 

0.51 

0.39 

0.66 

Supernormal 

850 

10.8 

•  ■  •  • 

5.54 

«  •  • 

•  •  • 

•  •  • 

0.60 

•  ■  • 

•  •  • 

Normal 

857 

11.5 

•  •  •  • 

4.86 

•  «  • 

•  •  • 

•  •  • 

0.66 

•  •  • 

•  *  • 

Supernormal 

859 

11.9 

•  •  «  • 

4.84 

•  •  • 

•  •  • 

• .  • 

0.58 

•  •  • 

•  •  • 

Normal 

62 

907 

17.4 

15.13 

4.70 

4.25 

6.18 

2.63 

0.82 

0.74 

1.08 

Supernormal 

861 

13.7 

14.88 

5.65 

3.61 

5.62 

2.04 

0.77 

0.49 

0.77 

Subnormal 

864 

13.9 

13.64 

4.44 

3.65 

5.55 

1.89 

0.62 

0.51 

0.77 

Supernormal 

2 

939 

13 

14.47 

4.73 

3.60 

6.14 

1.87 

0.61 

0.47 

0.80 

Subnormal 

896 

11.6 

14.04 

4.58 

3.49 

5.97 

1.62 

0.53 

0.40 

0.69 

Supernormal 

921 

12 

14.28 

4.74 

3.52 

6.02 

1.71 

0.57 

0.42 

0.72 

Subnormal 

301 

887 

19.3 

12.23 

3.60 

3.14 

5.49 

2.36 

0.69 

0.61 

1.06 

Subnormal 

854 

16.2 

12.29 

3.69 

3.12 

5.48 

1.99 

0.60 

0.50 

0.89 

Normal 

20 

754 

20.7 

15.77 

6.00 

3.91 

5.86 

3.26 

1.24 

0.81 

1.21 

Very  subnormal 

716 

25.9 

13.72 

4.46 

3.36 

5.90 

3.55 

1.16 

0.87 

1.53 

Subnormal 

723 

25.7 

13.51 

4.21 

3.47 

5.83 

3.47 

1.08 

0.89 

1.50 

Supernormal 

206 

1218 

30.5 

11.77 

3.85 

2.88 

5.04 

3.59 

1.17 

0.88 

1.64 

Very  subnormal 

1140 

29 

11.66 

3.66 

2.62 

5.38 

3.38 

1.06 

0.76 

1.56 

Subnormal 

1167 

31.3 

11.88 

3.27 

2.72 

6.39 

3.56 

1.02 

0.85 

1.69 

Normal 
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OVERFEEDING   FOLLOWING   UNDERFEEDING 

No.  402,  5  months  in  milk,  was  slightly  oyerfed  for  11  days,  heavily 
overfed  for  the  next  62  days,  then  within  6  days  dropped  to  decided  under- 
feeding, being  underfed  for  30  days. 

No.  402  (2),  heavily  overfed  for  two  months,  gained  7  percent  in  live 
weight,  15  percent  in  milk,  13  percent  in  solids,  6  percent  in  fat,  27  percent 
in  protein  and  10  percent  in  sugar  and  ash.  The  quality  of  the  milk  was 
altered,  total  solids,  fat  and  sugar-ash  dropping  2,  9  and  4  percents  and  pro- 
tein increasing  11  percent  coincident  with  a  very  large  increase  In  protein 
intake.  Ijive  weights  consistently  climbed  upwards  throughout  the  period 
and  the  milk  flow  was  maintained  without  diminution. 

No.  402  (3),  decidedly  underfed  for  a  month  following  two  months  of 
extreme  overfeeding,  and  receiving  but  1.5  pounds  of  digestible  protein  per 
1,000  pounds  live  weight,  lost  4  percent  in  live  weight,  30  percent  In  milk,  31 
percent  in  solids,  25  percent  in  fat,  34  percent  in  protein  and  32  percent  in 
sugar-ash.  The  quality  of  the  milk  was  altered,  solids  dropping  1  percent, 
protein  6  percent  (coincident  with  the  withdrawal  of  more  than  50  percent 
of  the  digestible  protein  in  the  ration)  and  sugar-ash  4  percent,  while  fat 
increased  8  percent.  Live  weights  dropped  consistently,  all  the  previous 
gains  being  lost;  yet,  notwithstanding  the  apparent  usage  of  these  accumu- 
lations, the  milk  yields  fell  sharply. 

OVERFEEDING   FOLLOWED    BT    NORMAL    FEEDING 

No.  2,  two  weeks  in  milk,  fed  a  normal  standard  ration  for  a  week,  was 
heavily  overfed  for  three  months,  normally  fed  for  four  days,  heavily  over- 
fed for  10  days  and  normally  fed  for  12  days. 

No.  2  (2),  heavily  overfed  for  almost  three  mo4ths,  gained  8  percent 
in  live  weight,  12  percent  in  milk,  13  percent  in  solids,  14  percent  in  fat,  6 
percent  In  protein  and  16  percent  in  sugar-ash.  Live  weights  consistently 
advanced  after  the  third  week  and  the  milk  flow  held  up  or  Indeed  slightly 
advanced  as  the  period  grew  to  an  end. 

No.  3  (3).  When,  following  three  months  of  heavy  feeding,  four  days 
of  normal  feeding  ensued,  as  compared  with  the  results  secured  at  the  end 
of  the  former  period,  live  weight  dropped  2  percent  and  milk  yield  6  percent. 
The  fat  percentage  ballooned  during  these  four  days,  the  records  being: 
Average  of  four  days  Immediately  preceding  this  period  (super-normal  feed- 
ing) 4.66;  four  days  of  normal  feeding,  5.80,  5.40,  5.50,  5.40;  two  days  on 
renewed  super-normal  feeding,  5.00,  4.70.  Hence,  although  milk  yield  dropped 
6  percent,  fat  yield  Increased  15  percent. 

No.  2.  (4).  When  super-normal  feeding  was  again  resorted  to  for  ten 
days,  live  weights  began  to  increase,  the  milk  flow  Increased,  becoming  as 
large  or  larger  than  at  any  previous  period,  and  its  quality  became  normal. 

No.  2  (5).  When,  flnally,  normal  feeding  was  resumed  and  continued 
for  12  days,  live  weight  was  maintained,  the  milk  flow  still  further  increased, 
and  the  fat  percentage  held  at  a  constant  flgure.  Unfortunately,  the  protein 
contents  of  the  milk  were  determined  only  in  the  first  two  periods  and  the 
effect  of  the  changes  In  protein  intakes  (1.9,  2.8,  1.8,  2.9,  1.9  pounds  per 
1,000  pounds  of  live  weight)  can  not  be  studied.  The  initial  change,  how- 
ever, was  without  effect 
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UNDERFEEDING  FOLLOWING  A  WEEK*8  OVERFEEDING,   8IJ0HT  OVERFEEDING 

FOLLOWING  UNDERFEEDING 

No.  62,  2^  months  in  milk,  heavily  overfed  for  a  week,  underfed  for  two 
weeks  then  slightly  overfed  for  two  weeks. 

No.  62  (2),  fed  a  half  ration  for  16  days,  following  a  week  of  super- 
normal feeding  and  an  interval  of  11  days  concerning  which  little  record  is 
furnished,  but  in  which,  for  part  of  the  time  at  least,  normal  feeding 
occurred — as  compared  with  the  7-day  period  of  super-normal  intake,  shrank 
5  percent  in  live  weight  and.  In  milk,  solids,  fat,  total  protein  and  sugar-ash, 
21,  22,  6,  34  and  29  percents,  respectively.  The  quality  of  the  milk  was  pro- 
foundly affected,  solids,  protein  and  sugar-ash  dropping  2,  15  and  9  percents, 
while  fat  increased  20  percent  The  sharp  drop  in  protein  followed  a  reduc- 
tion of  70  percent  in  protein  intake.  Live  weights,  milk  yields,  protein  and 
sugar-ash  percentages  fell  consistently  from  the  outset.  The  fat  percentage 
skyrocketed  from  the  second  day,  falling  again  toward  the  end  of  the  period. 

No.  62  (3).  When,  following  16  days  of  decided  underfeeding,  the  cow 
was  slightly  overfed  for  13  days,  live  weight  increased  a  little,  being  4  per- 
cent higher  during  the  last  nine  days  than  in  the  first  four  days;  the  milk 
3rield  increased  slightly,  b^ing  2  percent  larger  than  in  the  sub-normal  feed- 
ing period  and  9  percent  larger  than  during  its  last  six  days.  The  quality 
of  the  flow  was  again  profoundly  affected  owing  to  the  return  of  the  fat 
percentage  to  normality,  solids  shrinking  7  and  fat  20  percents. 

UNDERFEEDING  FOLLOWED  BY  OVERFEEDING  AND  BT  UNDERFEEDING 

No.  2,  fresh  in  milk,  underfed  for  10  weeks,  overfed  for  two  weeks  and 
again  underfed  for  a  week. 

No.  2  (1)  was  fed  for  70  days  an  increasingly  deficient  ration,  receiving 
for  8,  12,  18  and  32  days  approximately  a  %,  a  %,  a  %  and  a  %  ration.  Her 
live  weight  shrunk  2  percent  in  50  days,  5  percent  in  54  days,  8  percent  In 
62  days,  11  percent  in  66  days,  and  13  percent  In  70  days,  falling  off  rapidly 
after  being  on  the  %  ration  for  10  days.  She  shrank  in  milk  flow  but  4  per- 
cent in  the  flrst  38  days,  but  during  the  32  days  on  the  %  ration,  she  shrank 
in  successive  8-day  periods  as  compared  with  her  initial  yields,  2,  7,  15  and 
27  percents.  The  quality  varied.  Total  solids  ranged  from  14.3  to  14.6  per- 
cents in  successive  8-day  periods,  except  that  near  the  end  it  sank  to  14.1 
percent.  The  fat  percentages  were  relatively  low,  4.42  percent  for  8  days, 
hovered  about  4.8  percent  for  32  days  and  4.65  percent  for  24  days;  then 
shot  up  to  5.58  percent  for  the  final  8  days,  coincident  with  a  38-pound  live 
weight  shrinkage.  The  total  protein  percentage,  after  the  colostral  effect 
was  overcome,  dropped  in  successive  8-day  periods  from  3.8  to  3.3  and  in 
the  last  one  to  3.01.  The  plane  of  protein  intake  of  course  dropped  ooin- 
cidently.  On  the  average  for  the  period  it  was  but  1.5  pounds  per  1,000 
pounds  live  weight  and  for  the  last  month  was  1.3  pounds.  The  sugar-ash 
percentages  were  fairly  constant. 

No.  2  (2),  during  17  days  of  decided  overfeeding,  in  which  a  1%  ration 
was  eaten,  following  70  days  of  underfeeding,  rapidly  increased  her  live 
weight,  which  was  7  percent  larger  at  the  end  of  the  period  than  it  was  two 
weeks  previous.  The  milk  flow  rapidly  rebounded  from  9.8  pounds  to  10.3, 
11.8,  12  and  12.7  pounds  in  successive  3-  to  5-day  periods.  Pat  percentages 
dropped  profoundly  and  then  rose  again  somewhat,  and  protein  rose  rapidly 
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coincident  with  a  nearly  doubled  protein  intake.  Sugar-ash  figures  remained 
constant.  Gains  as  compared  with  the  last  16  days  on  subnormal  feeding 
were:  11  percent  solids  and  fat,  10  percent  protein,  14  percent;  sugar-ash  8 
percent. 

No.  2  (3).  When  again  underfed  by  30  percent  for  seven  days,  neither 
live  weight,  milk  yield  nor  quality  was  affected  for  five  days,  but  during 
the  last  two  days  live  weight  dropped  25  pounds,  milk  yield  1.5  pounds  and 
an  upward  trend  in  fat  percentage  began  to  be  manifested. 


UNDERFEEDING  FOLLOWED    BY   NORMAL  FEEDING 

No.  301,  fresh  in  milk,  underfed  for  a  month  and  normally  fed  for  a 
week. 

No.  301  (1),  fresh  in  milk,  decidedly  underfed  for  36  days  and  then 
normally  fed  for  a  week,  dropped  off  in  live  weight  in  successive  8-day 
periods,  as  compared  with  her  weight  immediately  following  calving,  7,  12, 
16  and  17  percents  and  in  milk  fiow,  1,  13,  28  and  34  percents.  Except  for 
the  initial  colostral  effect,  the  quality  of  the  milk  remained  quite  uniform. 
She  ate  1.6  pounds  of  digestible  protein  per  1,000  pounds  live  weight  and  put 
40  percent  of  it  into  her  milk  flow. 

No.  301  (2).  When  normally  fed  for  six  days,  live  weight  had  increased 
3  percent  and  milk  yield  6  percent  during  the  fifth  and  sixth  days.  The  total 
protein  content  of  the  milk  slightly  Increased  but  otherwise  quality  remained 
unaffected. 

No.  20,  fresh  in  milk,  greatly  underfed  for  a  month,  underfed  for  two 
weeks,  and  less  underfed  for  another  two  weeks. 

No.  20  (1),  fresh  in  milk,  grievously  underfed  a  %  ration  for  34  days, 
dropped  off  rapidly  in  live  weight,  3,  7,  11  and  14  percents  in  successive  8-day 
periods,  and  in  milk  fiow  0,  6,  14  and  9  percents,  an  average  of  7  percent 
After  the  colostral  effect  passed  off,  protein  and  sugar-ash  percentages  were 
reasonably  constant;  but  the  fat  figure  shot  upwards.  Giving  normally  a 
4.8  percent  milk,  she  gave  from  4.9  to  7.2  percent  milk,  averaging  6  percent. 
Apparently,  she  poured  her  body  substance  into  the  milk  pail  in  the  form 
of  fat  She  ate  1.6  pounds  of  digestible  protein  per  1,000  pounds  live  weight 
and  put  about  45  percent  of  it  into  the  milk  pail. 

No.  20  (2).  When  after  three  days  of  semi-starvation,  she  was  fed 
a  %  ration  for  12  days,  live  weight  increased  2  percent  over  the  final  weights 
of  the  previous  period  and  she  greatly  increased  her  milk  flow,  giving  14 
percent  more  than  at  calving,  20  percent  more  than  in  the  average  of  the 
preceding  period,  and  22  percent  more  than  at  its  close.  The  total  protein 
and  sugar-ash  percentages  were  slightly  and  fat  the  percentage  tremendously 
lowered.  She  gave  4.46  percent  instead  of  6  percent  milk  and  6  percent  less 
fat  than  during  the  first  period. 

No.  20  (3).  When,  after  34  days  on  a  %  and  12  days  on  a  %,  she  was 
fed  for  16  days  on  a  %  ration,  she  gained  1  and  3  percents  in  live  weight  as 
compared  with  the  two  previous  periods,  maintained  her  recent  high  milk 
flow,  lowering  slightly — 4.21 — its  fat  content,  other  constituents  remaining 
constant,  giving  19  percent  more  milk  and  12  percent  less  fat  than  during  the 
semi-starvation  period  which  was  40  days  nearer  calving. 
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UNDERFEEDING 

No.  206,  10  days  in  milk;  greatly  underfed  for  three  weeks;  consider- 
ably underfed  for  two  weeks;  slightly  underfed  for  one  week. 

No.  206  (1),  receiving  only  %  of  a  normal  ration  for  three  weeks, 
dropped  rapidly  in  live  weight  from  day  to  day,  having  lost  on  the  6th,  12th, 
18th  and  22nd  days  6,  10,  14  and  16  percents  of  her  weight  at  calving.  She 
maintained  her  milk  yields,  giving  at  the  outset  and  in  two  6-day  and  two 
4-day  periods  28.4,  31.6,  32.2,  30.1,  28.1  pounds,  the  average  yields  for  the 
second  and  third  weeks  being  identical  with  that  of  the  first  week.  The 
colostral  effect  was  manifest  during  the  first  week,  after  which  time  total 
protein,  sugar  and  ash  percentages  were  fairly  constant  Her  fat  percent- 
ages  (average  3.85  percent)  were  somewhat  high  of  probable  normality. 

No.  206  (2).  After  22  days  of  semi-starvation,  being  fed  a  %  ration 
for  two  weeks  and  having  gained  one  percent  over  her  final  weights  in  the 
previous  period,  she  maintained  the  same  milk  flow  as  during  the  last  8  days 
of  the  previous  period,  fat  and  total  protein  percentages  about  5  percent, 
ash  10  percent,  sugar  9  percent,  while  total  solid  figures  remained  unchanged. 

No.  206  (3),  fed  for  8  days  a  nearly  normal  ration,  began  rapidly  to 
regain  body  weight,  gaining  2  percent  over  the  previous  period  and  the 
latter  part  of  the  semi-starvation  season.  She  promptly  increased  her  milk 
fiow,  giving  8  percent  more  than  in  the  previous  period  or  at  the  close  of  the 
semi-starvation  season.  The  total  protein,  sugar  and  ash  percentages  were 
not  changed,  but  the  fat  percentages  dropped  11  percent;  hence  she  gave  a 
little  less  total  fat  than  during  the  preceding  period. 

The  authors  state  that  the  most  pronounced  result  of  overfeeding  was  to 
cause  the  cow  to  gain  weight;  that  "overfeeding  exerted  (no)  infiuence 
towards  abnormality  in  the  composition  of  the  milk"  but  that  following 
abnormality  in  this  respect  due  to  sub-normal  feeding  "overfeeding  restore  (d) 
the  abnormal  composition  to  a  normal  one";  and  that  "only  in  certain  cases 

*  *  *  did   (super-normal  feeding)   raise  the  fiow  of  the  milk  and  the  in- 
fiuence in  these  cases  was  very  limited.'* 

They  discuss  the  physiology  of  milk  secretion  in  respect  to  the  blood 
stimulus  or  "hormone"  theory.  They  state  that  their  findings  indicate  that 
"the  secretion  of  milk  is  regulated  by  at  least  two  factors  *  *  *  chemical  and 
nervous  «  *  *  (the  former  being)  the  predominating  stimulus  Immediately 
following  parturition  ♦  ♦  ♦  for  a  period  of  time  •  •  ♦  fix(lng)  the  maximum 
milk  fiow  for  each  individual  *  *  *  (and  being)  more  or  less  independent  of 
the  plane  of  nutrition  ^  *  *  (whereas  the  latter)  Is  entirely  dependent  upon 
the  plane  of  nutrition."  They  cite  the  prolonged  heavy  milk  fiow  following 
parturition  at  the  expense  of  body  live  weight  on  an  inadequate  food  supply 
as  an  exhibition  of  the  effect  of  the  chemical  stimulus  which  "it  is  not  pos- 
sible to  increase  *  *  *  by  means  of  an  excess  food  supply";  and  they  point 
out  that  increasingly  as  lactation  advances,  the  effect  of  the  chemical  stimulus 
is  replaced  by  that  of  the  nervous  stimulus  and  that  "as  soon  as  (this) 
predominates,  the  milk  fiow  is  readily  affected  by  a  sub-normal  plane  of 
nutrition  and  can  be  partially  restored  *  *  *  by  increasing  (this)  plane." 

In  respect  to  the  results  of  underfeeding,  they  state  in  general  that  live 
weights  shrunk;  that  "immediately  after  parturition  •  ♦  •  the  milk  flow  ♦  ♦  • 
(is  maintained)  at  a  nearly  constant  level  under  the  most  adverse  conditions 

*  *  *  (but  that  its)  decline  accompanies  even  moderate  underfeeding  when  the 
lactation  period  has  reached  a  certain  stage,"  the  reasons  being  indicated 
above.  They  indicate  that  "physiological  underfeeding  and  reduction  in  the 
plane  of  nutrition  from  a  high  to  a  normal  plane   (results  in)   a  marked 
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Increase  in  the  fat  percentage  (especially  In  fat  cows  and)  almost  invariably 
(in)  an  actual  increase  in  the  yield  of  fat";  that  following  sub-normal  feed- 
ing, sometimes  richer,  sometimes  poorer,  and  sometimes  unchanged  quality 
in  respect  to  fat  percentages  results:  and  that  the  protein  and  ash  but  not 
the  milk  sugar  contents  sometimes  are  affected. 

The  authors  advance  the  hypothesis  that  the  production  of  milk  fat  is 
controlled  by  lipase  and  other  enzymes  accelerating  the  synthesis  of  the  mam- 
mary gland  and  is  influenced  by  general  metabolic  activity.*  Mo.  Sta.  Rsch, 
BuU.  24,  25  {1916);  Ahatr,  E,  8.  R.  S5,  pp.  77-^-775  {1916);  36,  pp.  669-671 
{1917). 

7.    wA^STBACTs  Relating  to  Feeding  Trials  of  a  Miscellaneous  Chabacteb 

Jordan  and  Jenter  (1897)  fed  a  cow  for  95  days  with  rations  so  treated 
as  to  reduce  her  total  fat  intake  to  ^  of  a  pound  daily.  Very  considerable 
food  changes  induced  no  changes  in  quality.  The  nitrogen  balance  was 
studied.  In  this  connection,  the  authors  suggest  that  a  cow  giving  30 
pounds  of  milk  secretes  therein  about  one  pound  protein;  that  if  she  is 
fed  2.5  pounds  digestible  protein,  she  does  not  seem  to  use  the  additional 
1.5  pounds  for  necessary  construction  purposes;  that  the  protein  metabolism 
seems  influenced  in  the  main  by  protein  supply  and  not  by  the  quantity  of 
milk  solids  secreted;  and  they  advance  the  hypothesis  that  the  notable 
influence  of  abundant  supplies  of  digestible  protein  upon  milk  secretion  is 
due  to  the  stimulation  of  metabolic  activity.  N,  7.  (State)  8ta.  Bui.  132, 
(1897);  Ah8tr.  E.  B.  R.  9,  pp.  1083-1085  (1898). 

WoU  (1891)  fed  20  cows  two  rations,  difitering  only  in  that  the  one 
contained  com  silage  and  the  other  corn  fodder.  Hay,  bran  and  middlings 
comprised  the  residue  of  each  ration.  No  analyses  were  made  except  for 
dry  matter  contents.  The  cows  ate  10  percent  more  dry  matter  in  the 
silage  than  in  the  fodder  ration  and  made  per  unit  of  dry  matter  eaten  8 
percent  more  milk  and  6  percent  more  fat  on  the  dry  ration.  The  fat  con- 
tents of  the  milk  were  not  afitected.  However,  losses  in  food  values  from 
methods  of  storage  turned  the  scales  in  favor  of  the  silage,  3  percent  more 
milk  being  produced  per  unit  of  land  area  harvested  as  silage.  Wis.  Bta. 
Rpt.  8,  pp.  49^0  (1891);  Ahstr.  E.  flf.  R.  4,  pp.  178-180  (1892). 

Woll  (1892)  fed  16  cows  for  three  months  by  the  reversal  system,  with 
a  view  of  determining  the  comparative  values  of  whole  silage  and  stover 
silage  plus  the  picked  ear  corn.  The  cows  ate  3  percent  more  dry  matter 
when  on  the  whole  silage  ration  and  made  4  percent  more  milk  and  7  percent 
more  fat  Fodders  and  feeds  do  not  seem  to  have  been  analyzed  and  no  total 
solid  determinations  seem  to  have  been  made;  neither  are  the  digestible 
nutrient,  digestible  protein  or  nutritive  ratio  statements  given.  However, 
it  is  evident  that  relatively  wide  rations  of  closely  similar  nutritive  ratios 
were  fed  and  that  the  milk  made  on  the  whole-silage  ration  contained 
about  0.10  percent  more  fat  than  did  that  made  on  the  stover-silage  and 
plucked  ear  ration.  Wis.  Sta.  Rpt.  9,  pp.  53-71  (1892);  Abatr.  E.  8.  R.  5. 
pp.   500-501    (1893). 

Woll  (1912)  has  shown,  using  data  secured  from  many  records,  that  fat 
yields  increase  with  average  body  weights  of  the  cows  and  the  feed  units 
eaten.  He  explains  this  fact  on  the  ground  that  "a  large  animal  has  a 
relatively  smaller  body  surface  than  a  small  animal,  (that)  the  radiation 
of  heat  from  the  former  Is  therefore  proportionately  smaller  than  that  from 


*The  studies  reviewed  in  this  abstract  have  little  direct  relation  to  the  digest- 
ible protein  problem  as  such  but  are  so  fundamental  that  their  Inclusion  seems 
justified. 
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a  small  animal/'  and  that,  as  a  consequence,  a  larger  proportion  of  the  feed 
eaten  by  heavy  cows  Is  available  for  milk  production.  The  cows  approxi- 
mating 900  pounds  in  weight  and  1,010  pounds  in  weight  ate,  respectively, 
100  and  108  units  and  produced  100  and  105  units  of  fat  per  100  feed  unlts.^ 
8oc.  Prom.  Agr.  8ci,  Proc,  3S,  pp.  23-28  {1912);  Ahatr.  E.  8.  R.  29,  pp.  374- 
375  {1913);  also  Wis.  8ta.  Bui.  226  {1912);  Ahstr.  E.  8.  R.  28,  p.  74  {1913); 
WU.  8ta.  Rsch.  Bui.  26,  pp.  55-135  {1912);  AJ>str.  E.  8.  R.  28,  pp.  272-274 
{1913). 

Haecker  (1894)  compared  divers  groups  of  cows,  the  groupings  being 
made  on  its  basis  of  conformation — those  of  blocky,  plump  form  (3  in  num- 
ber) ;  of  a  less  marked  fleshy  trend  (4  in  number) ;  of  a  spare,  angular  form 
lacking  medial  depth  (3  in  number) ;  and  of  a  spare  angular  form  with 
medial  depth  (12  in  number).  Their  food  intakes  and  milk  outputs  as 
groups  during  a  winter  season  were: 


Blocky       Less  blocky 


Spare  lacking 
depth 


Spare  and 
deep 


Average    weights 

Fat  yields  (during  winter) 

Dry  matter  usage  (daily) 

Total    

Per  1,000  lbs.,  body  weight. 

Per  lb.  of  fat 

Lbs.  fat  per  100  lbs.  dry  matter. 


lbs. 

lbs. 

lbs. 

lbs. 

1240 

945 

875 

930± 

117 

135 

134 

155 

20.8 

20.4 

20. 

21.9 

16.7 

21. 

23. 

23.6 

31.3 

26.4 

25.5 

21.2 

3.2 

3.8 

3.9 

4.7 

The  author  holds  that  "the  cost  of  producing  butter  depended  more  upon 
the  type  of  cow  than  upon  breed  or  size,"  and  that  "the  chief  cause  of  (yield ) 
variation  was  .  .  .  difference  in  conformation."  Minn.  8ta.  Buls.  35,  pp. 
54-64  {1894)  copied  in  67,  pp.  458-^66  {1900);  Abstr.  E.  8.  R.  6,  pp.  925-926 
{1895). 

Haecker  (1908)  analyzed  the  records  made  by  70  registered  cows  (5 
Brown  Swiss,  15  Holstein  and  25  each  Jersey  and  Shorthorn)  for  120  days 
in  1904  at  the  St.  Louis  Exposition.  They  ate  green  com,  silage,  alfalfa 
hay,  a  little  clover  hay,  green  clover  and  cow  peas  as  roughages;  and  malt 
sprouts,  hominy  feed,  gluten  feed,  corn  hearts,  bran,  oil  meal,  distillers'  dried 
grains,  ground  oats,  cottonseed  meal,  corn  meal  and  a  proprietary  ration 
known  as  "Union  Grains'*  as  concentrates.  The  cows  ate  enormously  and 
yielded  profusely,  the  average  daily  records  for  120  days  being: 
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Swiss. 

.   5 

1329 

38.4 

4.9 

24.1 

44.2 

12.48 

3.62 

5.52 

1.60 

61.7     3.6     16.9     40     60 

Holstein. 

.15 

1289 

40.2 

5.1 

22. 

53.4 

11.37 

3.42 

6.07 

1.83 

50.7     3.3     14.8     50    50 

Jersey  .. 

.25 

948 

35.6 

4.9 

19.4 

41.5 

13.42 

4.67 

5.57 

1.94 

56.2     3.       12.1     51     49 

Short- 

horn   . 

.25 

1257 

30.8 

4.4 

17.2 

35.2 

12.30 

3.68 

4.33 

1.30 

57.2     3.4     16.5     41    59 

^The  results  secured  in  the  Vermont  trials  which  are  discussed  in  this  bulletin 
are  quite  in  accord  with  WoU's  findings. 
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In  economy  of  production  the  breeds  ranked:  solids  and  fat,  Jersey, 
Holstein,  Shorthorn,  Brown  Swiss;  milk,  Holstein,  Jersey,  Shorthorn,  Brown 
Swiss.  The  physiological  reason  for  the  lower  production  cost  of  a  pound 
of  Jersey  fat  is  that  there  were  but  1.9  pounds  solids-not-fat  produced 
coincident  therewith,  whereas  the  proportions  with  the  other  herds  were  1 : 2.3, 
2.3  and  2.6.  Obviously  It  takes  more  food  to  produce  more  solids.  The  cows 
apparently  ate  on  the  average  about  25  percent  more  protein  and  from 
20  to  30  percent  more  total  nutrients  than  was  needed  for  milk,  maintenance 
and  growth.  On  the  theory  that  excess  protein  acts  as  a  milk  stimulus  it 
was  perhaps  wise  thus  to  force  the  cows.  However,  Haecker  says,  in  this 
connection,  that  "the  cows  received  nearly  twice  as  much  protein  as  was 
needed";  that  excessive  protein  intake  "is  a  fruitful  source  of  barrenness, 
shy  breeding,  rheumatism,  gout  and  other  disorders";  that  "heavy  feeding 
of  highly  nitrogenous  feeds  has  injured  many  *  «  *  great  cows  and 
their  progeny"  because  of  "abnormal  stimulation  and  development  of  the 
digestive  and  mammary  organs."  Minn.  8ta.  Bui,  106,  pp.  lJlfl-169  (1908); 
Abatr.  E,  8,  R.  19,  pp.  1177-1178  (1908). 

Bartlett  (1895)  compared  wheat  and  corn  meals,  using  six  cows  during 
nine  weeks  and  the  reversal  method,  feeding  timothy  hay  and  cottonseed 
meal  with  the  two  varients.  The  wheat  meal  value  furnished  somewhat 
more  digestible  protein  than  its  competitor.  The  two  rations  exhibited 
nutritive  ratios  of  1:7.1  and  1:8.7.  The  wheat  meal  proved  as  good  or  better 
than  corn  meal  as  a  milk  maker  and  better  as  a  producer  of  body  weight. 
Me.  8ta.  Rpt.  11,  pp.  21^30  (189,5);  cited  E.  8.  R.  8,  pp.  825-826  (1897). 

Spier  (1897)  holds — as  a  result  of  studying  data  secured  with  8  cows 
fed  a  variety  of  food  combinations  for  somewhat  more  than  a  year — that, 
"provided  extremes  are  avoided,  the  dry  matter  of  food  seems  to  be  the 
principal  controlling  factor  in  the  production  of  milk  or  increase  of  live 
weight  and  is  of  greater  importance  than  the  albuminoid  (nutritive)  ratio." 
Trans.  Highland  and  Agr.  8oc.  8cotland  5,  9,  pp.  296-338  (1897);  Ahstr. 
E.  8.R.10,  p.  486  (1898). 

Kellner  and  Andra  (1898)  fed  to  24  cows  in  3-week  periods  basal 
rations  of  hay,  straw,  bran,  linseed,  cottonseed  and  peanut  meals,  to  which 
were  added  either  sugar  beets  or  beet  diffusion  residues.  The  same  amounts 
of  digestible  nutrients  were  furnished  In  each  ration.  More  milk  and  fat 
were  yielded  on  the  residue  ration  than  on  the  beet  ration  and  body 
weights  were  increased.  The  solid  and  fat  percentages  were  not  altered. 
Landw.  Vers.  Stat.  ^,  €,  pp.  402-^18  (1898);  Abstr.  E.  8.  R.  10,  pp.  587-588 
(1899). 

Kellner  (1907)  reports  a  comprehensive  feeding  trial  dealing  with  the 
influence  of  food  fat  on  milk  yield  in  which,  apparently,  200  cows  were  used 
and  both  the  reversal  and  the  group  systems  of  trials  were  employed.  The 
substitution  of  fat  for  equivalent  amounts  of  carbohydrates  was  disadvan- 
tageous, both  as  regards  yield  and  quality.  Illus.  Landw.  Ztg.  27,  43,  pp.  387- 
388;  44,  pp.  397-399  (1907);  Molk  Ztg.  21,  25,  pp.  687-690  (1907);  Abstr. 
E.  8.  R.  19,  p.  75  (1907). 

Lindsey  (1904)  fed;  6  cows  for  10  weeks  by  the  reversal  method,  with 
hay,  bran  and,  either,  distillers'  dried  grains  or  gluten  feed,  the  rations 
carrying  3  pounds  of  digestible  protein,  15.2  to  15.6  pounds  of  total  digest- 
ible nutrients  and  nutritive  ratios  of  1:4.4  and  1:4.5;  7  cows  for  9  weeks 
by  the  reversal  method  on  hay,  silage,  gluten  feed,  either  brewers'  dried 
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grains  or  bran,  the  rations  carrying  2.4  or  2.1  pounds  of  digestible  protein, 
14.5  to  14.7  pounds  of  total  digesdble  nutrients  and  nutritive  ratios  of  1:5.5 
and  1:6.3  respectively;  and  4  cows  for  6  weeks  by  the  reversal  system  on 
hay,  bran,  corn  meal  and,  either  malt  sprouts  and  gluten  feed  or  gluten  feed 
alone,  the  rations  carrying  2.5  pounds  of  digestible  protein,  14.5-14.8  pounds 
total  digestible  nutrients  and  nutritive  ratios  of  1:5.  The  distillers'  grains 
proved  full  better  than  the  gluten  feed,  making  5  to  6  percent  more  milk 
and  fat;  the  brewers*  grains  somewhat  better  than  the  bran,  making  from 
1  to  2  percent  more  milk,  total  solids  and  fat;  while  malt  sprouts  and  the 
gluten  feed  seemed  to  be  on  a  parity.  Mass.  8ta.  Bui.  9i  {1904);  Abstr. 
E.  8.  R.  16,  pp.  87-88  (1904)^ 

Llndsey  (1912)  fed  six  cows  by  the  reversal  method  during  5-week 
periods  on  rations  of  hay,  bran,  cottonseed  meal  and  either  corn  meal  or 
dried  beet  pulp;  then,  during  5-week  periods,  on  hay,  bran,  cottonseed  meal 
and  either  corn  meal  or  molasses-beet  pulp;  and  four  other  cows  during 
4-week  periods  on  hay,  bran  and  either  corn  meal  or  oats. 

The  nutrient  Intake  and  production  data  were  as  follows: 
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18.8 
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14.58 
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5.37 

2.74 
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Dried  beet  pulp 

1.03 

Corn  meal 

20.9 
21. 

13.1 
12.9 

1.5       12.2 
1.59     11.7 

8.2 
7.4 

19.9 
19.3 

14.67 
14.52 

5.58 
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Molasses-beet  pulp . . . 

1.05 

Corn  meal 

23.8 

14.7 

1.6       13.8 

8.6 

19.2 

14.56 

5.72 

2.79 

1.09 

Oats 

23.7 

14. 

1.77     12.9 

7.2 

19. 

14.42 

5.71 

2.74 

1.09 

As  compared  with  the  corn  meal  ration:  The  dried  beet  pulp  ration 
made  2  percent  more  milk  and  total  solids  and  1  percent  more  fat;  the  molas- 
ses-beet pulp  ration  3  percent  less  milk,  4  percent  less  total  solids  and  6  per- 
cent less  fat;  and  the  oats  ration  1  percent  less  milk,  2  percent  less  total  solids 
and  the  same  amount  of  fat.  No  changes  in  live  weight  or  quality  of  milk 
were  noted,  which  were  to  be  ascribed  to  the  feeding.  Mass.  Bta.  Rpt.  25,  pp. 
129-153  (1912);  Ahstr.  E.  8.  R.  30,  p.  176  (19U). 

Lane,  Billings  or  Cook  (1899-1915),  during  a  period  covering  about  15 
years,  conducted  feeding  trials,  the  results  of  some  of  which  seem  to  have 
pertinence  in  this  connection.  The  results  secured  in  many  of  the  earlier 
trials  are  Inapplicable  because  the  feeding  periods  were  less  than  three  weeks 
in  length. 

1.  Four  cows  were  fed  for  two  months  on  a  hay,  silage,  bran,  dried 
brewers'  grains  and  linseed  meal  ration  (20.9  pounds  total  dry  matter,  2.3 
pounds  digestible  protein,  12.3  pounds  digestible  carbohydrates  and  fat 
(x  2Vi);  nutritive  ratio  1:5.3)  and  on  a  hay,  stover  and  corn  meal  ration 
(21,  1,  13.4  and  1:13.5).  A  third  more  milk  and  three-eighths  more  fat  were 
produced  on  the  first  ration.    One  cow  made  richer  milk  on  the  poorer  ration. 
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one  much  richer  milk  on  the  better  ration  and  two  gave  essentially  an  un- 
changed quality.    Body  weights  were  not  maintained  by  the  wide  ration. 

2.  Four  1,000-pound  cows  were  fed  for  two  months  on  rations  of  silage, 
mixed  hay  and  cottonseed  meal  and  either  alfalfa  hay  or  bran  and  brewers' 
dried  grains.  The  rations  furnished  26.6  and  22.8  pounds  of  total  dry  matter 
and  3.4  and  3.5  pounds  of  digestible  protein;  nutritive  ratios  being  1:5.6 
and  1:5.4.  The  latter  ration  yielded  5  percent  more  milk  and  7  percent 
more  fat.  The  fat  percentages  were  not  materially  affected.  The  cows  were 
not  weighed. 

3.  Four  1,000-pound  cows  were  fed  for  ten  weeks  on  rations  of  silage, 
mixed  hay,  bran  and  either  cob  meal  or  brewers'  dried  grains  and  cottonseed 
meal.  The  rations  furnished  22.7  and  23.1  pounds  of  total  dry  matter,  1.6 
and  2.6  pounds  digestible  protein,  14.4  and  13.7  pounds  of  digestible  car- 
bohydrates and  fat  (x  2%),  nutritive  ratios  being  1:8.9  and  1:5.4.  The 
latter  ration  made  13  percent  more  milk  and  15  percent  more  fat.  The  fat 
percentages  were  not  affected.  Body  weights  were  diversely  influenced,  two 
cows  gaining  on  one  and  two  on  the  other  ration. 

4.  Eight  cows  were  fed  four  months  on  rations  containing  silage  and 
either  alfalfa  hay  or  corn  stover,  bran,  distillers'  dried  grains  and  cottonseed 
meal.  The  rations  furnished  27  and  22.5  pounds  of  total  dry  matter,  2.5 
and  2.4  pounds  digestible  protein,  16.3  and  16.3  pounds  of  digestible  carbohy- 
drates and  fat  (x  2^),  nutritive  ratios  being  1:6.5  and  1:6.9.  The  latter 
ration  made  21  percent  more  milk  and  fat  The  fat  percentage  was  not 
changed.    The  body  weights  were  not  affected. 

5.  Four  cows  were  fed  two  months  on  silage  and  stover,  bran  and 
cottonseed  meal,  and  either  gluten  feed  or  distillers'  dried  grains.  The 
rations  furnished  23.3  and  23.3  pounds  of  total  dry  matter,  2.4  and  2.4  pounds 
digestible  protein,  17.2  and  16.7  pounds  digestible  carbohydrates  and  fat 
(x  2%),  nutritive  ratios  being  1:6.2  and  1:6.3.  The  latter  ration  made  more 
body  weight  and  from  two  to  three  percent  more  milk  and  fat.  The  fat 
percentages  were  not  affected. 

Eight  cows  were  fed  by  the  reversal  system,  bran,  cottonseed  meal  and 
distillers'  dried  grains  being  replaced  by  alfalfa  hay.  The  digestible  nutrient 
contents  of  the  two  rations  were  closely  alike.  The  nutritive  ratios  were 
1:6.8  and  2.4  and  2.5  pounds  of  digestible  protein  and  16.3  pounds  of  digestible 
carbohydrates  and  fat  (x  2%)  were  furnished.  The  roughage  ration  yielded 
only  five-sixths  as  much  milk  and  butter  fat  as  did  its  concentrate  com- 
petitor. Body  weights  were  not  materially  affected.  The  author  states  that 
it  seems  "fair  to  conclude  that  a  continuous  feeding  of  a  ration  made  up 
entirely  of  roughage  will  not  have  the  same  nutritive  effect  as  a  ration 
containing  more  or  less  fine  feeds" — which  he  ascribes  to  the  effect  of  the 
large  amount  of  crude  fiber  reducing  the  production  value  of  a  unit  of  digest- 
ible nutrients. 

6.  Four  cows  were  fed  for  three  months  on  silage,  oat  and  pea  hay  and 
stover  and  either  oats,  bran,  gluten  feed  and  ollmeal  and  dried  beet  pulp  or 
distillers'  dried  grains,  bran  and  dried  beet  pulp.  The  rations  furnished 
24.1  and  23.1  pounds  of  total  dry  matter,  2.3  and  2.5  pounds  of  digestible 
protein,  14.4  and  14.3  pounds  of  digestible  carbohydrates  and  fat  (x  2^), 
nutritive  ratios  being  1:6.2  and  1:5.7  (erroneously  stated  in  the  tabular 
matter  and  text  of  the  original  bulletin  as  1:5).  The  latter  ration  produced 
5  percent  more  fat  but  1  percent  less  milk  than  its  competitor,  the  fat 
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percentages  of  the  milk  being  increased  by  0.3  percent.  It  has  frequently 
been  noted  that  distillers'  dried  grains  sometimes  exert  this  peculiar  in- 
fluence. 

7.  Four  cows  were  fed  for  three  months  on  alfalfa  hay,  silage,  stover, 
cottonseed  meal  and  either  cob  or  corn  meal.  The  rations  furnished  22.6 
and  22.7  pounds  of  total  dry  matter,  1.6  and  1.7  pounds  digestible  protein  and 
13.2  and  13.7  therms  energy;  nutritive  ratios  being  about:  8.2  and  1:8.2. 

The  latter  ration  made  5  percent  more  milk  and  4  percent  more  fat 
than  the  former.  Uve  weights  were  unchanged  in  three  instances  and  in- 
creased 10  percent  in  one;  but  there  was  no  apparent  relation  between 
change  of  ration  and  this  result. 

8.  Sixteen  cows  were  fed  for  100  days  on  silage,  alfalfa  and  oat  and  pea 
hays,  dried  beet  pulp,  cob  meal,  and  either  soy  bean  or  cottonseed  meals. 
Soiling  crops  were  also  fed  to  all  the  cows  during  the  first  half  of  the  trial. 
The  rations  furnished  25.2  and  25.7  pounds  total  dry  matter,  2.6  and  3 
pounds  digestible  protein,  14.9  and  14.7  pounds  digestible  carbohydrates  and 
fat  (x  2^),  nutritive  ratios  being  1:5.7  and  1:5.  The  former  ration  yielded 
2  percent  more  milk  and  4  percent  more  fat,  and  a  slightly  richer  milk. 
Body  weights  were  not  affected. 

9.  Fourteen  cows  were  fed  for  100  days  rations  containing  silage,  dried 
beet  pulp,  corn  and  cottonseed  meal,  gluten  feed,  distillers'  dried  grains  and 
bran,  and  either  alfalfa  hay  or  sundry  soiling  crops.  The  rations  furnished 
26.8  and  23.9  pounds  total  dry  matter,  2.7  and  2.2  pounds  digestible  protein, 
13.6  and  13.9  pounds  of  digestible  carbohydrates  and  fat  (x  2^),  nutritive 
ratios  being  1:5.1  and  1:6.3.  From  1  to  2  percent  more  milk  and  fat 
were  made  on  the  latter  ration.  Fat  percentages  and  body  weights  were 
unchanged. 

10.  Twelve  cows  were  fed  for  100  days  on  rations  containing  silage,  al- 
falfa hay  and  either  cob  meal,  cut  alfalfa,  molasses  and  soy  bean  meal,  or  com 
meal,  dried  beet  pulp,  gluten  feed,  bran  and  cottonseed  meal.  The  rations 
furnished  27.7  and  27.5  pounds  of  total  dry  matter,  2.6  and  2.6  pounds  digest- 
ible protein,  16.4  and  16.5  pounds  of  digestible  carbohydrates  and  fat  (x  2^4  )» 
nutritive  ratios  being  1:6.3  and  1:6.3.  The  yields  on  the  two  rations  were 
identical  and  the  quality  of  the  milk  identical.  (The  tabular  matter  and 
text  do  not  bear  out  this  statement  but  they  contain  obvious  errors.)  The 
body  weights  indicate  a  slight  preference  for  the  latter  ration. 

N.  J.  Stas,  (1)  Bui.  137,  pp.  12-17  (1899);  (2)  Bui.  1^8,  pp.  15-21  {1901); 
(3)  Rpt.  21,  pp.  2^6-273  {1900);  (4)  Bui.  190,  pp.  19-28  {1905);  (5)  Bui.  204, 
pp.  4-24  {1907);  (6)  Rpt.  28,  pp.  39-49  {1907);  (7)  Rpt  S3,  pp.  159-169 
{1912);  (8)  Rpt.  34.  P9.  293-316  {1913);  (9)  Rpt.  35,  pp.  142-146  {1914);  {10) 
Rpt.  36,  pp.  125-130  {1915),  Abstr.  E.  8.  R.  {!)  11,  pp.  884-885  {1900);  (2) 
13.  p.  176  {1901);  {3)  13,  p.  778  {1902);  {4)  17,  pp.  900-901  {1906);  (5)  19, 
p.  272  {1907);  {6)  19,  pp.  1073-1074  {1908);  (7)  30,  p.  375  {1914);  (8)  32,  pp. 
575-57//  {1915);  {9)  5/,,  pp.  180-181  {1916);  {10)  86,  pp.  871-872  {1917). 

Hay  ward  (1900)  fed  nine  cows  by  the  combined  reversal-group  system, 
six  actually  being  fed  the  trial  rations.  Hay,  cottonseed  meal  and  linseed 
meal  were  fed  continuously  with  corn  meal,  rye  meal  and  Quaker  oat  feed  as 
the  varients. 

The  food  consumption  and  milk  production  data  for  the  cows  fed  in  the 
strictly  reversal  way  were  as  follows: 
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Taking  the  above  data  into  account  in  connection  with  those  furnished 
by  the  cows  fed  continuously  on  the  corn  meal  ration,  it  seems  fair  to  say 
that,  though  eating  a  little  more  digestible  nutrients,  the  cows  fed  the  rye 
meal  ration  made  about  4  percent  less  milk  and  solids  and  3  percent  less 
fat;  and  that  those  fed  the  Quaker  oats  ration  eating  7  percent  less  digest- 
ible nutrients,  made  G  percent  less  milk  and  solids  and  3  percent  less  fat 
than,  in  each  instance,  was  made  on  the  corn  meal  ration.  Live  weights  did 
not  vary  materially.  Pa.  Sta.  Bui  52  (1900) ;  Abstr,  E,  8,  R.  12,  pp.  678-679 
(1901). 

Hay  ward  (1902)  fed  eight  cows  for  120  days  under  such  conditions  that 
half  of  them  were  fed  a  uniform  ration  for  the  entire  term,  while  the  other 
half  were  fed  first  the  same  uniform  ration  for  40  days,  then,  two  rations  of 
equivalent  food  values,  changed  every  5  days  back  and  forth  during  40  days, 

« 

and,  finally,  the  original  uniform  ration  during  the  next  40  days.  The  varied 
diet  showed  no  influence  whatsoever  on  the  milk  flow.  Pa.  Sta.  Rpt.  1902,  pp. 
314-320;  AJ)8tr.  E.  8.  R.  15,  p.  18  (1904). 

Steinbruch  (1901)  discussing  a  few  short  time  trials  with  four  cows 
and  reviewing  literature,  states  that,  as  a  rule,  bovine  individuality  rather 
than  feed  change  is  the  controlling  factor  in  milk  production,  the  effect  of 
the  latter  item  often  being  relatively  a  minor  matter.  He  further  states 
that  food  given  in  excessive  amounts  contributes,  so  far  as  the  excess  is  con- 
cerned, to  body  weight  rather  than  to  increased  milk  yields.  Ber.  Physiol. 
Lab.  Landw.  Inst.  Halle  3,  15,  pp.  104-168  (1901) ;  Abstr.  E.  8.  R.  13,  p.  685 
(1902). 

Soule  and  Barnes  (1902)  compared  two  protelnous  hays,  cow-pea  and 
alfalfa,  with  both  bran  and  cottonseed  meal  during  two  seasons.  Twelve 
cows  were  fed  for  120  days  in  three  groups  each  year.  The  competing 
rations  were  silage,  cottonseed  meal  and  bran;  silage,  cottonseed  meal  and 
cow-pea  hay;   silage,  bran  and   cow-pea  hay;    silage,  bran  and  cottonseed 
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meal;  silage,  alfalfa  hay  and  cottonseed  meal;  silage,  alfalfa  hay  and  bran. 

It  is  not  clear  whether  analyses  of  fodders  and  feeds  were  made  or 
"averages"  were  used,  but  apparently  the  latter  procedure  was  followed. 
There  seems  to  have  been  fed  in  the  six  rations  in  the  order  indicated,  in 
terms  of  total  dry  matter,  digestible  dry  matter  and  digestible  protein  per 
cow  daily  (averaging  to  weigh  in  the  first  trial  830  to  880  pounds  and  in 
the  latter  800)  20.4,  20,  21.6,  18.9,  20.2  and  20.5  pounds;  13.9,  12.6,  12.7,  12.1, 
12.6  and  12.5  pounds;  2.7,  2.61,  2.13,  2.37,  2.58  and  1.95  pounds;  nutritive 
ratios  being  1:4.5,  4.2,  4.8,  4.5,  4.2  and  5.8. 

Live  weight  changes  were  not  deemed  to  be  significant  The  fact  that 
the  group  method  of  comparison  alone  was  used  without  being  checked  by 
the  reversal  method  naturally  affects  the  reliability  of  the  results  and  con- 
clusions. However,  when  cottonseed  meal  was  omitted  the  least  product  was 
made  each  year;  when  both  concentrates  were  included  much  the  most 
product  was  made  one  year  and  as  much  as  when  the  cottonseed-alfalfa 
ration  was  fed  the  second  year.  The  relative  production  indexes  on  the 
basis  of  100  for  the  six  rations  in  order  stated,  were:  100,  89,  93;  100,  100,  82. 
The  authors  maintain  that  these  two  home-grown  leguminous  roughages  can 
be  substituted  to  advantage  for  expensive  purchased  concentrates.  Tenn. 
Sta,  BuU,  15,  4  {1902);  17,  4  U904) ;  Ahstr.  E,  B.  R,  U,  pp.  605-606  {1909); 
16,  pp.  694-695  {1905), 

Soule  (1905)  fed  24  cows  for  four  months,  without  reversal,  rations 
containing  silage,  either  hay  or  corn  stover,  cob  meal  and  either  cotton- 
seed meal  or  gluten  meal.  It  is  difficult  to  analyze  his  discursive  statements, 
but  apparently  the  productive  powers  of  the  two  concentrates  were  closely 
alike.    Ya.  Bta.  Bui,  156  {1905) ;  Ahstr,  E.  8.  R,  17,  p.  900  {1906), 

Soule,  Fain  and  Jarnagin  (1907)  fed  4  groups  of  4  cows  each  for  140  days, 
using  the  reversal  system.  They  fed  corn  stover,  silage,  millet  hay  as  rough- 
ages, cob  meal,  cottonseed  meal  and  bran  in  varying  proportions  as  concen- 
trates. During  the  initial  and  final  30-day  periods,  all  groups  ate  closely 
similar  rations,  containing  of  total  dry  matter,  digestible  protein  and  digest- 
ible carbohydrates  and  fat  (x  2^)  respectively  22.  to  26.5,  1.63  to  2.05,  13.8 
to  16.6  pounds,  with  nutritive  ratios  closely  alike  1:7.9  to  1:8.2  (7  instances) 
and  1:8.8  (one  instance).  During  the  intermediary  80-day  period  the  rations 
varied  widely,  in  two  groups  being  more  and  in  one  less  proteinous  in  char- 
acter, remaining  unchanged  in  the  other  instance,  the  nutrient  data  being 
21.5,  25,  24.5  and  23.5;  2.21,  2.39,  1.95  and  1.49;  12.8,  15.3,  15.4  and  15.2; 
with  nutritive  ratios  1:5.8,  1:6.4,  1:7.9  and  1:10.2. 

The  discussion  seems  somewhat  obscure.  However,  a  study  of  the  data 
shows  that  the  cows  fed  the  narrow  rations  (1:6)  during  the  intermediary 
period  made  approximately  3  percent  more  milk,  4  percent  more  solids  and 
8  percent  more  fat  than  when  fed  the  wider  rations  (1:8)  and  that  the 
milk  was  slightly  richer  in  fat  (0.16  percent) ;  that  the  cows  fed  an  unchanged 
ration  made  2  percent  more  milk  and  one  percent  more  fat;  and  the  cows 
fed  the  wider  ration  (1:10)  made  4  percent  less  milk,  5  percent  less  solids  and 
2  percent  less  fat.  Live  weights  did  not  seem  to  be  materially  influenced  one 
way  or  the  other.  The  authors  hold  that  satisfactory  results  may  be 
attained  if  less  digestible  dry  matter  and  protein  are  fed  than  are  provided 
by  the  Lehmann  standard.  Va.  8ta.  Bui.  169  {1907) ;  Abstr,  E.  8.  R.  19,  p. 
571  {1907). 
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Doane  (1904)  fed  to  15  cows  daring  8  weeks  two  rations  each  with  nar- 
row nutritive  ratios  of  1:6.5  and  1:5.3;  the  one  an  alfalfa  hay  and  corn  meal, 
the  other  a  silage  and  purchased  grain  mixture  (linseed  and  gluten  meals 
and  malt  sprouts).  The  former  outclassed  the  latter.  An  alfalfa  and  silage 
ration  of  a  1:5.5  nutritive  ratio  did  not  succeed  as  well  as  the  silage-grain 
ration  above  noted.  No  analyses  seem  to  have  been  made.  Md.  8ta.,  Bui. 
98,  pp.  59-63  (1004);  Ahstr.  E.  8.  R.  16,  p.  693  {1905). 

The  results  secured  elsewhere  by  one  of  us  (C.  E.  B.,  1906)  tend  to  show 
that  facility  of  digestion  of  foods  is  an  Important  factor  in  feeding,  that  less 
digestible  nutrients  in  concentrates  are  required  for  maintenance  or  pro- 
duction than  in  hay,  because  less  of  the  food  energy  is  used  in  processes 
of  digestion  and  assimilation.^  Conn.  (Btorra)  8ta.  Bui.  4S  {1906);  Abstr. 
E.  8.  R.  18,  p.  972  {1907). 

Clark  (1906)  fed  24  cows,  by  the  reversal  system,  alfalfa,  bran  and 
middlings  so  combined  that  with  one  lot  a  high  roughage-low  concentrate 
ration  was  used,  whereas  with  the  other  a  low  roughage-high  concentrate 
combination  was  employed.  The  latter  combination  always  produced  the 
larger  milk  and  fat  yields.  No  analyses  were  made  and  no  statements  are 
vouchsafed  which  enable  one  to  determine  the  relation  between  digestible 
nutrient  consumption  and  production.  Utah  8ta.  Bui.  101,  pp.  179-188  {1906) ; 
Abstr.  E.  8.  R.  19,  pp.  369-370  {1907). 

Hansen  (1906)  fed  16  cows  during  about  five  months,  in  each  of  two 
years  and  deduces  from  the  results  secured  that  feeding  stuffs  exert  a 
specific  influence  on  milk  production  independent  of  their  nutrient  contents, 
which  is  shown  sometimes  in  the  milk  yields  but  more  often  in  the  fat 
content  of  the  milk;  and  he  cites  the  effects  of  divers  feeds  in  this  respect 
Landw.  Jahrh.,  35,  1-2,  pp.  125-158,  sup.  4,  pp.  327-369  {1906) ;  Abstr.  E.  8.  R. 
17,  p.  901  (1906);  18,  pp.  765-766  {1907). 

Hummell  (1906)  tested  the  validity  of  certain  standard  digestion  co- 
efficients'by  comparing  the  results  obtained  by  digestion  experiments  con- 
ducted  by  himself  on  six  steers  of  widely  different  types.  The  results  were 
calculated,  using  actual  analyses  and  the  determined  coefficients  as  well  as 
by  using  average  analyses  and  the  standard  coefficients.  The  agreement  was 
in  all  cases  a  "reasonably  close"  one  and  tends  to  confirm  one's  faith  in  the 
essential  accuracy  of  digestion  coefficients.  Minn.  8ta.  Bui.  99,  pp.  121-132 
{1906);  Abstr.  E.  8:  R.  18,  pp.  969-970  {1906). 

Buschmann  (1908),  feeding  22  cows,  replaced  cocoanut  cake  by  sunflower 
cake  to  the  detriment  of  both  the  milk  yield  and  its  fat  content.  A  similar 
result  was  secured  with  7  cows.  When  sunflower  cake  replaced  cottonseed 
meal,  milk  yields  were  depressed;  when  cocoanut  meal  replaced  cottonseed 
meal,  milk  yields  were  increased  and  fat  percentages  decreased.  Landw. 
Jahrb.,  37,  6,  pp.  899-959  {1908);  Abstr.  E.  8.  R.  20,  p.  1175  {1909). 

Miiller  (1909)  fed  two  cows  during  about  20  weeks  on  a  basal  ration  con- 
taining no  roughage — other  than  beets — to  which  rye  straw  was  added  or 
withdrawn  in  whole  or  in  part  at  various  times.  Concentrates  were  added 
coincident  to  such  withdrawal  in  order  to  maintain  an  equilibrium  of  digest- 
ible nutrients.  No  effect  one  way  or  another  was  observed  on  the  milk 
flow  or  its  composition  or  upon  the  health  of  the  cows.  Ber.  Physiol.  Lab.  u. 
Vers.  Anst.  Landw.  Inst.  Halle,  19,  pp.  43-125  {1909).  Abstr.  E.  8.  R.  22,  p. 
778  {1910). 


*  This  consideration  was  carefully  kept  In  mind  In  the  original  shaping  of  the 
weight  trials  and  the  proportions  of  dry  and  succulent  roughages  and  of  concen- 
trates kept  as  nearly  uniform  as  possible  throughout  the  long  series  of  years. 
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Eckles  and  Reed  (1910)  fed  to  two  half-Bisters,  registered  Jerseys,  while 
farrow,  rations  of  identical  composition,  so  regulated  in  quantity  as  to  main- 
tain a  uniform  weight.  One  cow  ate  75  percent  more  than  the  other  and 
made  2.7  percent  more  product.  The  maintenance  usage  of  each  cow  was 
determined  and  digestion  trials  made,  which  furnished  essentially  identical 
figures.  One  used  35  percent,  the  other  56  percent,  of  her  food  for  mainte- 
nance; and  therein  is  to  be  found  the  answer  to  the  riddle.  The  one  kept 
herself  at  a  low  cost,  the  other  used  too  much  to  keep  her  vital  machinery  in 
motion.  A  trial  of  this  sort  furnishes  food  for  thought  to  the  advocates  of 
the  group  method  of  experimentation.  Mo.  Bta.  Rsch.  Bui,  2  {1910);  Ahatr. 
E.  8.  R.  24,  p.  76  {1911), 

Michels  (1910)  fed  13  cows  for  12  weeks  rations  with  nutritive  ratios 
approximating  either  1:4  or  1:5.7.  The  roughages  and  concentrates  were 
similar  in  each  case.  Each  ration  was  what  usually  would  be  deemed  a 
narrow,  and  one  an  excessively  narrow,  ration.  Milk  yields  were  practically 
identical,  but  the  very  narrow  ration  made  richer  milk,  thus  increasing  the 
fat  yields  by  8  percent.    Body  weights  were  not  changed. 

Michels  also  fed  cottonseed  and  linseed  meals  against  each  other.  No 
statement  is  made  as  to  the  nutritive  ratios  which,  however,  clearly  were 
relatively  narrow.  No  changes  in  milk  or  fat  yields  were  noted  which  were 
beyond  the  limits  of  experimental  error.  Live  weights  were  not  materially 
affected.    2fo,  Car.  Bta.  Bui.  213  {1910) ;  Ah8tr,  E,  8.  R,  25,  pp.  777-778  {1913). 

Van  Norman  and  one  of  us  (A.  A.  B.)  (1911)  fed  equivalent  amounts  of 
digestible  nutrients  during  three  years  of  trial  to  two  groups  of  12  cows 
each,  the  nutrients  in  the  one  instance  being  supplied  in  a  bulky  and  in  the 
other  in  a  concentrated  form. 

Although  a  very  large  amount  of  work  was  done  and  an  immense  amount 
of  tabular  matter  is  presented,  apparently  no  analyses  whatever  were  made, 
either  of  roughages  or  concentrates.  The  total  usage  of  dry  matter,  of  total 
nutrients  and  of  "protein" — presumably  digestible  protein — are  stated,  "com- 
puted from  data  in  Farmers'  Bulletin  22  of  the  United  States  Department  of 
Agriculture."  These  data  were  used  for  the  reason  that  "it  was  found  by 
analysis  that  the  proportion  of  dry  matter  varied  but  slightly  from  that 
given  in  the  bulletin."* 

It  appears  that  body  weights  were  not  materially  affected  to  the  ad- 
vantage of  either  ration;  that  a  pound  of  nutrients  in  grain  was  equivalent 
to  3.47  pounds  of  nutrients  in  roughage;  and  that  the  cost  expressed  In  terms 
of  nutrients  of  making  a  pound  of  milk  was  9.2  percent  less  for  the  group 
fed  a  concentrated  ration  than  for  that  fed  a  bulky  ration.*  Pa.  8ta.  Rpt, 
pp.  268-307  {1911);  Ahatr.  E.  8.  R.  28,  p.  17^  {1913). 

Caldwell  (1913)  during  two  seasons  fed  two  groups  of  cows,  consisting 
of  5  and  6  and  of  4  and  5  individuals,  rations  of  silage,  corn  stover,  cotton- 
seed meal,  corn  meal  and  bran  the  first  year;  and  of  silage,  soy  bean  hay. 


*In  view  of  the  very  largre  amount  of  work  Involved  in  these  Pennsylvania 
trials  the  writer  (J.  Jj.  H.)  deems  It  unfortunate  that  more  serious  consideration 
was  not  given  to  so  fundamental  a  matter  as  the  analyses  of  the  fodders  and 
feeds. 

*Appreciatini?  this  possibility  from  the  outset,  care  was  taken  In  planninK  the 
lonj^time  Vermont  trials  now  under  survey  to  make  the  proportion  of  rouRhages 
and  concentrates  in  the  several  rations,  as  well  as  their  total,  energy  contents,  as 
nearly  as  might  be  identical ;  hence  this  particular  source  of  error  was  not  a 
disturbing  factor. 
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cottonseed  meal  and  corn  meal  the  second  year;  the  dally  nutrient  con- 
sumption being  2.8  and  2.8  pounds  digestible  protein,  18.9  and  18  pounds 
digestible  carbohydrates  and  fat  (x  2^),  nutritive  ratios  being  1:6.7  and 
1:6.5  the  first  year;  and  2.9  and  2.9»  20.4  and  20.,  and  1:6.8  and  1:7  the 
second  year.  The  comparative  test  feeding  periods  were  60  and  77  days 
long.  The  replacement  of  cottonseed  meal  by  soy  bean  hay  was  the  crux 
of  the  trial.  The  soy  bean  hay  ration  made  6  percent  less  milk  and  2  per- 
cent less  fat,  but  the  milk  was  0.2  percent  richer  in  fat  in  the  first  test; 
whereas  in  the  second  test  the  soy  bean  hay  ration  made  3  percent  less 
milk  but  6  percent  more  fat,  the  fat  percentages  being  0.4  percent  apart. 
In  this  latter  instance  the  cows  gave  consistently  different  qualities  of  milk. 
Live  weights  were  maintained  in  all  cases. 

A  similar  trial  was  made  with  two  groups  of  6  cows,  each  fed  silage,  corn 
stover,  cottonseed  meal,  corn  meal  and  bran  against  silage,  alfalfa  hay  and 
corn  meal  for  56  days,  the  nutrient  consumption  being  18.3  and  20.7  pounds 
total  dry  matter,  2.7  and  2.5  pounds  digestible  protein,  15.4  and  17.5  pounds 
of  digestible  carbohydrates  and  fat  (x  2^/4),  nutritive  ratios  being  1:5.7  and 
1:7.  The  wider  ration  made  7  percent  more  milk  and  3  percent  less  fat, 
the  milks  being  0.5  percent  apart  in  fat  percentages.  It  will  be  noted,  how- 
ever, that  the  alfalfa-fed  cows  ate  12  percent  more  total  dry  matter  and  10 
percent  more  digestible  dry  matter  and  consequently  made  less  milk  and 
much  less  fat  per  unit  of  ingested  food.  The  alfalfa-fed  cows  increased  in 
live  weight;  their  competitors  barely  held  their  own.  Ohio  Sta,  Bui.  267 
{1913);  Ahstr.  E.  8.  R.  32,  pp.  265-266  (1915). 

Hart,  Steenbock  and  Fuller  (1913)  have  pointed  out  that  long  continued 
and  heavy  milk  production  may  entail  as  high  a  calcium  outgo  as  intake  If 
not,  indeed,  higher,  unless  legume  hays  are  included  in  the  ration  or  calcium 
is  supplied  in  other  forms.'  Jour,  Biol.  Chem.,  14,  2,  pp.  59-13  (1913) ;  Ahstr. 
E.  8,  R.  29,  pp.  65S6  (1913);  Wise.  8ta.,  Rsch.  Bui.  30  (1914);  AJ)8tr.  E.  8.  R. 
30,  pp.  867-868  (1915). 

Van  Norman  and  Davis  (1912)  fed  to  6  lots  of  three  cows  each,  by  the 
reversal  system,  three  grain  mixtures  each  having  the  same  ratio  of  digest- 
ible protein  and  energy.  They  found  one  mixture  essentially  as  efficient  as 
another  in  respect  to  production.  Pa.  8 to,  Rpt.  1912,  pp.  266-267;  Ahstr. 
E.  8.  R.  34,  p.  181  (1916). 

Hart  and  Humphrey  (1914)  fed  alfalfa  hay  against  corn  meal,  using  the 
reversal  system,  to  Holstein  cows  in  full  milk.  Corn  meal,  gluten  feed  and 
corn  stover;  and  alfalfa  hay  and  corn  starch;  were  used,  the  total  consump- 
tion of  all  nutrients  in  each  ration  being  essentially  alike.  The  nitrogen  of 
the  alfalfa  hay  proved  as  effective  a  milk  maker  as  that  in  the  corn  kernel. 
When  fed  to  growing  heifers,  the  utilization  for  growth  of  nitrogen  from 
alfalfa  hay  was  as  efllcient  as  from  the  corn  kernel.  Wis.  Sta.  Rsch.  Bui. 
33,  pp.  87-119  (1914);  aUo  Jour.  Biol.  Chem.  19,  1,  pp.  127-140  (1914);  Ahstr. 
E.  8.  R.  32,  pp.  74-75,  pp.  863-864,  811  (1915). 

Foster  and  Latta  (1915)  fed  alfalfa,  corn  and  bran  against  alfalfa; 
cottonseed  meal  and  bran  in  different  proportions  with  corn  meal  and  alfalfa 
hay;  alfalfa  hay  and  grain  against  the  same  ration  plus  silage;  using  the 


'Clover  entered  more  or  less  into  the  hay  supply  In  the  Vermont  trials  dis- 
cussed In  this  bulletin,  although  the  amount  furnished  was  not  very  large.  Whether 
the  cows  did  or  did  not  suffer  In  respect  to  calcium  usage  cannot  be  said,  but  a 
careful  study  of  the  ash  contents  of  the  several  rations  and  of  the  milk  yields  leads 
the  writer  to  believe  that  no  serious  calcium  drainage  occurred. 
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group  system  with  from  3  to  6  cows  in  a  group.  No  analyses  of  fodders, 
feeds  or  milk  (except  for  butter  fat)  seem  to  have  been  made.  Corn  and 
bran,  6  to  8  pounds,  replaced  5^  pounds  alfalfa  hay  and  increased  milk  and 
fat  production  12  percent.  A  slight  increase  in  the  amount  of  cottonseed 
meal  fed  increased  production  3  percent  The  addition  of  silage  did  not 
result  in  increased  production.  New  Mex.  Buh  98  {1915) ;  Atstr,  E.  S,  R,  SS, 
pp.  872-873  {1915). 

Putney  and  Larsen  (1915)  discuss  nitrogen  studies  using  18  cows  during 
two  years.  Digestion  trials  were  carried  on  and  the  nitrogen  balance  deter- 
mined. Nitrogen  utilization  was  62.  percent  the  first  and  50  percent  the 
second  year.  No  attention  was  paid  to  the  amount  of  digestible  protein  feed 
nor  were  definite  conclusions  hazarded  as  to  protein  requirements.  However, 
the  statement  is  made  that  the  Eckles  standards  are  deemed  safe  guides 
in  practical  feeding.  Notable  increases  in  the  percentage  and  amount  of 
urinal  nitrogen  was  observed  when  rations  were  fed  which  were  relatively 
rich  in  Jbhat  element.  Pa,  8ta.  Rpt.  {1915),  pp,  250-293;  Abstr,  E.  S.  R,  38, 
pp.  73-74  {1918). 

Larsen,  Hungerford  and  Bailey  (1917)  studying  the  rOle  of  water  in  a 
cow's  ration  found  that  digestion  coefficients,  notably  that  of  crude  fiber, 
were  increased  by  infrequent  drinking  or  by  insufficient  drinking  and  that, 
furthermore,  after  the  cows  had  been  on  a  ration  for  a  month  or  more,  its 
crude  fiber  content  was  more  completely  digested  than  during  the  initial 
month.*    8o.  Dak.  8ta.  Bui.  175  {1917);  Ahatr.  E.  B.  R.  38,  pp.  374-375  {1918). 

Hunziker  and  Caldwell  (1917)  for  six  months  fed  three  lots  of  cows 
each  by  the  combined  group-reversal  system — using  six  different  rations  de- 
signed to  compare  cottonseed  and  linseed  meals,  gluten  feed,  alfalfa  and  soy 
bean  hays.  The  six  grain  rations  had  uniform  nutritive  ratios,  those  of  the 
combined  roughage-concentrate  rations  when  alfalfa  hay  was  fed  averaging 
1:7.8  and  when  soy  bean  hay  was  fed  averaging  1:6.9.  When  on  the  alfalfa 
hay  ration  the  cows  averaged  to  give  7  percent  more  milk  and  1  percent 
more  fat  than  they  did  when  fed  the  narrower  soy  bean  hay  ration.  Jnd. 
8ta.  Bui.  203  {1917);  Ahstr.  E.  8.  R.  18,  pp.  375-376  {1918). 

Arnett,  Joseph  and  Tretsven  (1917,  1919)  fed  two  lots  of  7  cows  each 
by  the  reversal  method  rations  designed  to  determine  the  value  of  sunflower 
silage.  Thirty-four  pounds  of  the  latter  fed  daily  replaced  9  pounds  of 
clover  hay.  The  ration  containing  the  silage  made  3  percent  more  milk 
and  5  percent  more  fat  than  that  containing  no  silage. 

They  also  fed  2  lots  of  8  cows  each,  comparing  sunflower  silage  and 
alfalfa  hay  with  substantially  equivalent  results,  when  60  percent  of  the 
hay  was  replaced  by  the  silage,  which  was  held  to  possess  equivalence  to 
alfalfa  in  the  ratio  of  2.83  to  1  or,  on  the  dry  matter  basis,  0.71  to  1.  They 
fed  two  groups  of  8  cows  each  silage  made  when  1/3  and  when  9/10  of  the 
plants  were  in  bloom,  without  definite  results.  They  found  the  green  plant 
to  be  a  satisfactory  soiling  crop.  Mont.  8ta.  Buls.  118  {1917),  pp.  73-80,  131, 
{1919)  pp.  13-29;  Ahstr.  E.  8.  R.  39,  p.  182  {1918),  43,  pp.  68-69  {1920). 

Ldndsey  and  Beal  (1918)  compared  corn  bran  and  wheat  bran  fed  to  14 
cows  by  the  reversal  system,  four  pounds  of  each  being  fed   each  cow. 


^The  cows  used  In  the  "Vermont  trials  were  watered  twice  a  day  and  their 
water  usages  recorded.  They  had  all  they  wanted.  No  material  differences  In 
water  usage  were  observed  which  seemed  ascribable  to  this,  that  or  the  other  type 
of  feeding — nor  in  view  of  the  somewhat  negative  outcome  of  Larsen.  Hungerford 
and  Bailey's  studies  is  it  thought  that  the  watering  in  any  way  affected  the  general 
outcome. 
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Despite  the  fact  that  digestion  trials  with  sheep  showed  a  considerably 
higher  dry  matter  digestion  coefficient  from  corn  bran  than  from  wheat  bran, 
the  latter  yielded  a  1  percent  greater  product  which,  of  course,  is  within  the 
limits  of  experimental  error.  Mass.  8ta.  Bui.  186,  pp.  142-153  (1918) ;  Ahstr. 
E.  8.  R.  41y  PP'  ^76-277  {1919). 

Lindsey  and  Beal  (1918)  fed  from  4  to  8  cows  in  seven  trials,  using  the 
reversal  system,  the  particular  point  in  mind  being  to  compare  alfalfa  hay 
with  divers  hays.  When  alfalfa  was  compared  with  a  good  mixed  hay,  pro- 
duction differences  were  well  within  the  limit  of  experimental  error.  The 
digestible  protein  derived  from  alfalfa  (78  percent  of  the  total)  was  held 
to  be  as  serviceable  as  a  milk  maker  as  that  from  the  opposing  ration,  58 
percent  of  the  protein  of  which  was  derived  from  beet  pulp  and  gluten  feed 
or  meal.  When  compared  wtih  rowen  hay  and  with  "English"  hay,  yield 
differences  were  small. 

The  authors  hold  that  alfalfa  should  not  be  used  in  the  Eastern  States 
as  the  sole  source  of  roughage.  Mass.  Bta.  Bui.  186,  pp.  105-141  {1918) ;  Abstr. 
E.  8.  R.  41,  pp.  275-276  {1919). 

Hayden  (1918)  fed  36  cows  during  four  years  by  the  reversal  system  in 
trials  designed  to  compare  clover  and  alfalfa  hays.  The  latter  ration  made 
10  percent  more  milk  and  8  percent  more  fat  but  at  the  expense  of  32  percent 
more  protein  and  8  percent  more  carbohydrates  and  fat.  The  nutrient  con- 
sumptions per  100  pounds  milk  were:  clover,  7.9  pounds  digestible  protein; 
67.9  pounds  digestible  carbohydrates  and  fat  (x  2%) ;  alfalfa,  9.5  and  67.2 
pounds,  respectively.  The  author  deems  a  unit  of  clover  protein  superior 
as  a  milk  maker  to  a  unit  of  alfalfa  protein.  Ohio  8ta.  But.  827  {1918); 
Ahstr.  E.  8.  R.  39,  pp.  578-579  {1919). 

Woll  and  Voorhies  (1919)  further  studied  the  value  of  alfalfa  hay  as  a 
sole  feed  for  n^ilch  cows,  the  general  outcome  being  unfavorable  as  compared 
with  that  secured  when  other  succulent  feeds  were  added  to  the  ration. 
Cat.  8ta.  Rpt.  {1919),  pp.  72-76;  Ahstr.  E.  8.  R.  ^2,  p.  874  {1920). 

Larsen,  Wright,  Jones,  Hoover  and  Johnson  (1920)  studied  the  relative 
values  of  feed  protein  for  dairy  cows,  linseed  meal  and  gluten  feed  being 
used  for  the  purpose.  These  were  primarily  nitrogen  balance  trials.  The 
percentage  of  availability  of  the  feed  nitrogen  varied  considerably,  largely, 
it  is  thought,  because  of  fluctuations  in  the  energy  intake.  8o.  Dak.  8ta.  Bui. 
188  {1920) ;  Ahstr.  E.  8.  R.  4S,  pp.  873-874. 

Morrison,  Humphrey  and  Hulce  (1920)  fed  4  lots  of  5  or  6  cows  each  by 
the  reversal  system  in  trials  designed  to  compare  barley  and  corn.  The 
gains  or  losses  by  the  partial  replacement  of  one  by  the  other  were  about 
2  percent,  being  in  one  direction  in  one  trial  and  the  other  in  the  other. 
Wis.  8ta.  Bui.  319  {1920),  p.  68;  Ahstr.  E.  8.  R.  44.  P-  271   {1921). 

8.     Abstracts  Setting  Forth  the  Views  of  Kellner,  Armsby  and  Woll 

What  is  the  point  of  view  of  authorities  in  animal  nutrition  as  expressed 
In  their  writings? 

Kellner'  (1910)  cites  rapid  diminutions  in  milk  flows  and  coincident 
falling  off  in  body  weight  of  cows  with  diminished  intakes;  points  out  the 


*  "Scientific  Feeding  of  Animals,"  translated  by  Goodwin    (Macmillan,  N.  Y.), 
pp.    325-329.      (1910.) 
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protectiye  influence  of  plentiful  supplies  of  carbohydrates  in  reducing  food 
protein  katabolism  to  such  an  extent  that  "all  the  digestible  protein  sub- 
stance above  that  needed  for  maintenance  can  be  utilized  for  the  formation 
of  milk  without  any  call  being  made  upon  the  protein  of  the  body";  states 
that  "for  each  10  pounds  of  milk  0.55  to  0.65  pounds  digestible  protein  in 
addition  to  that  which  the  maintenance  of  the  animal  demands"  should  be 
supplied,  which  is  equivalent  to  a  60  to  80  percent  increase  over  the  amount 
occurring  in  the  milk;  and  discusses  the  point  of  view  held  12  or  more  years 
ago  as  to  the  relation  of  non-proteins  to  milk  production. 

Armsby,  above  every  other  American  investigator  of  animal  nutrition,  is 
entitled  to  express  an  opinion.  Discussing  the  "Production  Values  of  Feed- 
ing Stuffs"  in  his  volume,  entitled  "Nutsition  of  Farm  Animals/'  ^  he  points 
out  touching  production  values  as  regards  protein,  that  the  situation  is  not 
satisfactory;  that  the  assumption  held  for  many  years  that  the  different 
proteins  of  feeding  stuffs  possessed  substantially  equivalent  nutritive  values 
had  been  proven  unwarranted;  that  proteins  exist — for  example,  gelatin, 
zein  (maize),  gliadin  (wheat) — which  are  inefFective  in  the  support  of  body 
growth  or  in  maintenance,  being,  as  it  were,  "incomplete  and  unbalanced,'* 
lacking  certain  amino-acids  which  are  characteristic  of  proteins  in  general 
and  essential  in  nutrition.  He  states,  however,  that  notwithstanding  the 
general  recognition  of  the  validity  of  this  newer  point  of  view,  its  applic- 
ability in  establishing  net  protein  values  is  at  present  limited  by  a  lack  of 
adequate  information  as  to  the  true  nature  of  the  protein  contents  of  many 
roughages  and  concentrates;  by  a  lack  of  information  as  to  the  requirements 
of  farm  animals  for  the  different  sorts  of  proteins,  studies  thus  far  made 
having  dealt  with  total  protein  and  not  specific  kinds;  and  by  a  lack  of 
information  as  to  the  compensatory  effects  of  surplusages  of  one  sort  of 
protein  in  the  event  of  a  deficiency  of  another  sort.  Recogn^ing  the  inade- 
quacy of  the  present  methods  and  pending  their  ultimate  replacement  by 
more  exact  experimentation,  he  holds  that  approximate  production  values 
are  expressed  by  the  digestible  protein  of  the  mixed  ration.  He  cites  the 
results  secured  at  the  Wisconsin  and  Missouri  stations  indicating  the  rela- 
tively low  production  values  of  the  mixed  proteins  of  maize,  of  wheat,  and 
of  alfalfa;  and  he  discusses  the  newer  point  of  view  as  to  the  value  of  "non- 
proteins," namely,  that  they  may  or  may  not  possess  production  values 
according  to  the  kind  and  proportion  of  their  amino-acid  contents,  admitting 
at  the  same  time  the  insufficiency  of  evidence  warranting  dogmatic  state- 
ment or  even  generalization  as  to  so  heterogeneous  a  group.  He  inclines  to 
the  view  that  the  digestible  "true"  protein,  so-called,  i.  e.,  the  digestible  crude 
protein  less  the  digestible  non-proteins,  furnishes  for  the  time  being  a 
safer  basis  of  comparison  than  does  the  digestible  crude  protein,  remarking 
that  "a  deficiency  of  protein  (in  a  ration)  may  limit  production  while  a 
surplus  at  worst  simply  tends  to  increase  the  cost." 

At  another  point  in  the  same  volume,'  under  the  heading  "The  utiliza- 
tion of  protein  in  milk  production,"  he  defines  the  term  as  "the  ratio  of  the 
protein  contained  in  the  milk  to  the  least  amount  of  feed  protein  which  is 
required  to  produce  it  under  the  most  favorable  conditions."  He  declares 
that  the  amount  secreted  is  determined  in  the  main  by  the  capacity  of  the 
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individual;  that  an  increased  protein  intake  does  not  entail  a  materially 
Increased  protein  outflow  in  the  milk,  the  surplus  being  katabolized,  thus 
involving  a  low  apparent  utilization  factor;  that  a  decidedly  diminished  pro- 
tein intake  tends  to  cause  the  mobilization,  as  it  were,  and  utilization  of 
tissue  proteins  as  a  source  of  milk  protein,  thus  showing  an  overhigh  and 
inaccurate  apparent  utilization  factor;  that,  in  short,  "feed  protein  is  sub- 
stantially a  supply  of  material  and  not  a  cause  of  production";  and  that 
to  determine  the  actual  utilization  of  feed  protein,  its  intake  must  be  so 
reduced  as  to  maintain  the  protein  body  status  without  loss  or  gain,  a 
sufficiency  of  energy  being  supplied,  and  then  compared  with  milk  protein 
output  Citing  the  results  of  nitrogen  balance  work  done  at  the  New  York 
(Geneva)  and  Pennsylvania  stations,  in  Denmark  and  in  Germany,  he  re- 
marks that  they  "seem  to  indicate  *  *  «  that  on  low  protein  rations 
the  protein  of  at  least  some  feeding  stuffs  may  be  converted  into  milk 
protein  without  any  very  large  loss." 

In  yet  another  place  in  the  same  volume,*  discussing  protein  require- 
ments for  milk  production,"  he  says  concerning  "minimum  protein  require- 
ments," that  if  a  1,000-pound  cow  produces  25  pounds  of  3.2  percent  (protein) 
milk  she  needs  must  eat  1.4  pounds  of  digestible  protein,  0.8  pounds  for  milk 
and  approximately  0.6  pound  presumably  required  for  body  maintenance;  and 
that  a  lessened  supply  will  result  in  lower  yields  or  thiB  conversion  of  body 
protein  into  milk  protein.  If,  however,  the  nature  of  the  mixed  proteins  fed 
is  such  that  their  percentage  utilization,  i.  e.,  the  proportion  capable  of  con- 
version into  milk  protein,  is  only  80  percent — which  may  well  be  true  in  many 
instances — it  would  appear  that  1  pound  would  be  needed  to  supply  the 
0.8  pound  used  in  milk  production,  making  a  total  of  1.6  pounds. 

He  further  discusses  the  alleged  stimulating  effect  of  protein  on  the 
milk  glands,  which  is  held  to  bring  about  a  more  active  secretion  of  all 
milk  solids,  citing  Jordan's  and  Morgan's  studies,  the  latter  of  which  he 
considers  to  furnish  "conclusive  evidence  of  a  stimulating  effect  of  protein 
on  milk  production,"  notwithstanding  the  fact  that  in  many  instances  care- 
fully planned  and  rigidly  controlled  experimentation  has  shown  no  such 
outcome;  which  is  but  another  way  of  saying  that  there  are  blanks  as  well 
as  prizes  in  the  protein-stimulus  game.  And  he  points  out  that  in  practical 
feeding  trials  in  which  the  protein  content  of  a  ration  has  been  markedly 
changed,  "capricious  results"  have  been  secured,  "showing  no  consistent 
relation  between  the  excess  of  protein  supplied  and  the  relative  increase  of 
milk  production  secured." 

Summarizing  his  review  of  this  subject,  he  states: 

"1.  That  no  one  figure  can  express  the  protein  requirement  for  milk 
production  ♦  •  •  that  it  must  vary  with  the  amount  and  character  of 
the  milk  produced. 

"2.  That  a  moderate  rate  of  milk  production  Ihay  be  maintained  for  a 
time  on  rations  furnishing  a  comparatively  small  surplus  of  digestible  pro- 
tein over  the  milk  protein  plus  the  requirement  for  maintenance  which 
experimental  inquiry  at  the  Wisconsin  and  Minnesota  stations  seems  to 
place  in  commercial  milk  making,  at  150  to  160  percent  of  the  milk  protein 
plus  maintenance  requirement. 

"3.  Some  slight  stimulating  influence  of  excess  protein  on  milk  pro- 
duction is  indicated  but  'no  basis    (is  available)    for  any  estimate  of  the 
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extent  to  which  (It)  will  be  economically  profitable.  •  •  •  When  drcnm- 
stances  warrant  the  effort  to  secure  the  maximum  production  possible,  a 
more  liberal  supply  of  protein  (may  be)  advantageous." 

Reasoning  by  analogy  is  most  dangerous,  yet  the  writer  in  closing  this 
chapter  of  the  bulletin  cannot  refrain  from  referring  to  the  following  state- 
ments: 

(1)  "The  minimal  proteid  requirement  of  the  healthy  man  •  •  • 
is  far  below  the  generally  accepted  dietary  standards.  •  •  •  The  amount 
of  proteid  *  *  *  needed  daily  for  the  actual  physiological  wants  of  the 
body  is  not  more  than  one-half  that  ordinarily  consumed  by  the  average 
man."  Chittenden  R.  H.,  "Physiological  Economy  in  Nutrition"  {New  York, 
F.  A.  Stokes  Co.),  p.  475  (1905.)  {Studies  on  14>  people  for  6-9  months- 
on  a  low  protein  diet.) 

In  what  general  direction  do  these  multitudinous  trials  seem  to 
point?  It  might  be  possible  to  summarize,  to  correlate  their  findings, 
but  the  writer  can  not  attempt  the  task  at  this  time.  However,  a  some- 
what careful  critical  general  survey  leads  him  to  believe  that  while  they 
point  in  several  directions,  the  more  carefully  planned,  better  executed 
trials  tend  to  confirm  the  results  secured  in  these  long  time  Vermont 
experiments.  The  writer  is  quite  inclined  to  adopt  as  the  final  word 
in  this  bulletin  a  quotation  from  a  publication  of  a  sister  station, 
penned  by  a  past-master  in  animal  nutrition. 

Woll^  states  the  case  well — ^and  ht  is  well  entitled  to  state  the  case 
in  view  of  his  prolonged  experience  in  the  dairy  feeding  world — when 
he  says :  "The  general  trend  of  the  results  of  feeding  experiments  is 
in  the  direction  of  showing  that  protein  feeds  possess  a  somewhat 
higher  value  for  milk  production  than  feeding  stuffs  of  a  more  carbon- 
aceous character,  but  the  profitable  extent  of  feeding  such  feeds  must 
be  determined  largely  by  local  conditions.  With  a  fair  amount  of 
protein  in  the  ration  supplied  of  farm-grown  foods,  the  narrowing  of 
the  ration  fed,  by  an  addition  of  protein  foods,  is  not  a  matter  of  prime 
importance.  The  testimony  furnished  by  studies  of  the  feeding  prac- 
tices conducted  under  a  variety  of  conditions  plainly  shows  that  ex- 
cellent results  may  be  obtained  by  the  use  of  quite  wide  ratios ;  a  liberal 
supply  of  digestible  matter  in  the  rations  of  cows  that  are  good  pro- 
ducers is  of  importance,  irrespective  of  the  proportion  of  nitrogenous 
nutrients  found  there,  if  the  rations  contain  a  minimum  of  protein, 
which  may  be  placed  for  different  cows  at  from  1.3  to  1.5  pounds.  At 
the  same  time  it  should  be  borne  in  mind  that  the  cows  are  most  likelv 
to  produce  milk  of  the  best  quality  of  which  they  are  capable,  on  rations 
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that  contain  a  fair  amount  of  protein,  and  have  nutritive  ratios  not 
wider  than  about  1 :7,  for  cows  in  full  flow  of  milk ;  under  ordinary 
condition  in  the  north  central  states  a  somewhat  narrower  nutritive 
ratio  than  this  will,  generally  speaking,  prove  profitable,  where  the 
permanent  effect  on  the  production  of  the  herd  is  kept  in  view." 
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Note. — ^The  trials  reviewed  in  this  bulletin  were  started  in  1907  at  the 
instance  of  and  under  the  general  direction  of  Professor  C.  L.  Beach,  now 
President  of  the  Connecticut  Agricultural  College,  then  dairy  husbandman 
at  this  Station.  From  1908  to  1911  they  were  guided  by  his  successor, 
Professor  R.  M.  Washburn,  now  of  Minnesota;  from  1911  to  1916  by  Pro- 
fessor A.  A.  Borland,  now  of  the  Pennsylvania  State  College;  from  1915  to 
1918  by  Professor  G.  F.  E.  Story,  now  Worcester  (Mass.)  County  Agent;  and 
from  1918  to  their  close  by  Professor  H.  B.  Ellenberger.  Their  general  con- 
duct was  incidental  in  a  way  to  that  of  tlie  extended  protein  trials  dis- 
cussed in  bulletin  225.  Messrs.  W.  J.  Lamplough  and  E.  R.  Baker,  computers, 
were  responsible  for  a  large  part  of  the  primal  computations.  And,  during 
many  long  years,  until  he  withdrew  broken  in  health,  day  in  and  day  out 
Mr.  C.  J.  Cosgrove,  barn  foreman,  attended  to  the  multitudinous  details  of 
barn  operation. 

The  final  computations,  comparisons  and  manuscript  preparation,  involv- 
ing many  months  of  consecutive  attention,  are  the  product  of  the  writer, 
who  acknowledges  his  deep  indebtedness  to  his  associates  for  their  general 
guidance  of  the  trials  during  their  progress.  In  a  very  real  sense  they  should 
be  considered  co-authors.  He  is  especially  grateful  for  the  careful  scrutiny 
of  the  galley  proofs  and  many  very  helpful  suggestions  touching  the  same 
made  by  President  Beach  and  Professors  Borland  and  Ellenberger. 
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INTRODUCTION 

The  series  of  studies  dealing  with  the  maintenance*  of  dairy  cattle 
discussed  in  this  bulletin  was  inaugurated  in  the  summer  of  1907. 
It  was  expected  that  it  would  last  approximately  five  years,  but 
as  a  matter  of  fact  it  was  not  closed  until  late  in  1920.  Six  cows  were 
chosen  at  the  outset  and  it  was  intended  to  limit  the  work  to  this  num- 
ber, but  all  told  no  less  than  20  different  cows  were  used.  Further- 
more, 61  other  cows  used  in  the  protein  trials  (bulletin  225)  contribute 
324  records.  The  extreme  refinements  of  animal  experimentation  have 
never  been  available  nor  was  their  use  contemplated  at  any  time.  It 
is  felt,  however,  owing  to  the  long  period  devoted  to  the  study,  the 
large  number  of  cows  used  and  the  considerable  volume  of  the  work, 
that  the  results  obtained  are  worthy  of  credence. 

When  the  trials  were  inaugurated  the  amount  of  data  available  in 
connection  with  the  maintenance  needs  of  dairy  cattle  was  compara- 
tively small.  It  was  far  from  clear  how  much  food  a  cow  needed  to 
keep  herself  alive,  how  much  digestible  protein  and  digestible  carbo- 
hydrates and  fat,  how  many  calories  of  energy  were  thus  employed. 
Furthermore,  it  was  not  clearly  understood  how  much  was  needed  by  a 
dry  farrow  cow,  by  a  dry  pregnant  cow,  by  a  non-pregnant  cow  in  full 
flush  of  milk,  by  a  pregnant  cow  in  milk ;  how  much  food  was  used  in 
milk  making,  in  the  construction  of  the  foetus,  in  the  maintenance  of 
the  animal  body.  It  is  obvious  that  these  were  pertinent  questions  in 
connection  with  dairy  operations  and  that  a  serious  attempt  to  solve 
them  was  worth  while.  However,  during  the  14  years  since  these 
trials  were  inaugurated,  several  studies  of  this  important  matter  have 
been  begun,  finished  and  reported  upon  and- much  pertinent  data  have 
been  accumulated,  to  which  the  present  article  adds  only  another 
chapter.  Hence  as  a  matter  of  fact  this  bulletin  in  large  measure  rep- 
resents a  critical  review  of  the  findings  of  the  several  investigators  who 
have  formulated  standards  for  bovine  maintenance  and  milk-making, 
the  results  secured  in  these  long  continued  and  comprehensive  trials, 
longer  continued  and  more  comprehensive  than  any  heretofore  pub- 
lished, so  far  as  the  writer  is  aware,  being  used  in  attempting  to  de- 
termine the  validity  of  their  several  dicta. 


>  The  word  "maintenance"  is  used  In  this  bulletin  in  two  senses ;  in  the  re- 
stricted sense,  referring:  to  the  sustenance  of  the  live  weigrht  apart  from  the  special 
milk-maklngr  function,  and  in  the  broader  sense  to  cover  the  support  of  all  bodily 
needs,  including^  the  specialized  maternal  functions.  It  is  not  thought  that  this  will 
result  in  confusion  or  misunderstanding.  There  seemed  to  be  no  ready  way  of 
avoiding  this  dual  usage  of  the  term. 
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Scope  of  the  Work 

As  a  result  of  the  14  years  of  work,  data  have  been  secured  along 
eight  different  lines,  namely: 

I.  The  maintenance  of  dr>'  farrow  cows  for  a  period  of  less  than 
12  months  (3  individual  cows — ^3  records).     Pages  32-33. 

II.  The  maintenance  of  dry  farrow  cows  for  a  period  of  more 
than  12  months  (20  individual  cows — 20  records).     Pages  34-55. 

III.  The  maintenance  of  dry  pregnant  cows  which  calved  nor- 
mally (6  individual  cows — 7  records).     Pages  55-65. 

IV.  The  maintenance  of  dry  pregnant  cows  which,  later,  aborted 
(5  individual  cows — 6  records).     Pages  65-73. 

V.  The  maintenance  for  a  period  of  less  than  12  months  of  non- 
pregnant milking  cows  following  normal  calving,  including  some  which 
were  in  milk  when  served  and  some  which  were  dried  off  when  served 
(9  individual  cows — 16  records).     Pages  74-92. 

VI.  The  maintenance  for  a  period  of  more  than  12  months  of 
non-pregnant  milking  cows  following  normal  calving  (13  individual 
cows — 16  records  ) .     Pages  93-  111. 

\TI.  The  maintenance  of  non-pregnant  milking  cows  which  had 
aborted  (5  individual  cows — 5  records).     Pages  111-120. 

VIII.  The  maintenance  of  pregnant  milking  cows  which  calve<l 
normally  (6  individual  cows — 11  records).     Pages  120-139. 

IX.  To  the  data  presented  in  sections  V-VIII,  inclusive  are  added 
those  furnished  by  the  records  of  several  cows  used  in  the  protein  trials 
which  are  published  in  bulletin  225,  making  a  \^st  amount  of  material 
pertinent  in  the  study  of  the  maintenance  needs  of  milking  cows. 
Sixty-one  individual  animals  contribute  324  records  to  this  phase  of 
the  study.  On  account  of  the  volume  of  the  material  and  the  fact 
that  the  records  of  these  cows,  had  they  been  originally  enlisted  in  the 
maintenance  work,  would  have  been  listed  in  part  in  section  V  and  in 
part  in  section  VIII  (the  records  of  all  abort ers  were  excluded  and  the 
longest  record  was  224  days  long,  hence  there  were  no  records  prop- 
erly included  in  sections  VI  or  VII)  the  material  is  grouped  by  itself 
under  this  special  heading  (61  individual  cows — ^324  records).  Pages 
139-181. 

It  will  be  obser\-ed  that  data  were  obtained  along  four  lines, 
namely:  Maintenance  per  se  (I,  II)  ;  maintenance  and  foetal  con- 
struction (III,  IV)  :  maintenance  and  lactation  (V,  VI,  VII  and 
IX);  maintenance,  lactation  and  fcetal  construction  (VIII  and  IX  V 
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Conduct  of  the  Trials* 
feeding 

The  food  fed  each  cow  was  weighed  daily  and  all  rejected  material 
weighed  back  and  credited.  The  cows  were  weighed  on  three  succes- 
sive days  each  week  throughout  the  trials.  All  water  used  was  weighed 
daily.  The  temperatures  of  the  barn  in  which  they  were  housed  was 
taken  twice  daily.  They  were  never  turned  out  to  pasture  but  always 
kept  either  in  the  barn  or  in  the  exercise  yard.* 

The  cows  were  fed  hay  daily,  which  varied  more  or  less  from 
year  to  year,  containing  in  some  years  a  larger  proportion  of  clover 
than  others ;  were  fed  silage  for  the  larger  part  of  the  year ;  were  fed 
apple  pomace  each  fall ;  and,  sometimes,  soiling  crops  were  fed  during 
the  summer.  Three  grain  rations  were  used,  namely,  the  so-called 
low,  medium  and  high  protein  rations  of  the  protein  trials.  These 
were  made  up  by  weight  as  follows : 

Low  protein.    Wheat  bran,  3 ;  ground  oats,  2 ;  hominy  feed  2. 

Medium  protein.  Wheat  bran,  3;  ground  oats,  1^,  gluten  feed, 
1 ;  cottonseed  meal,  1J4- 

High  protein.  Wheat  bran,  2 ;  ground  oats,  1 ;  cottonseed  meal,  2 ; 
old  process  linseed  meal,  2. 

Constant  analytical  check  was  maintained  upon  food  intakes 
by  weekly  analyses  of  all  fodders  and  feeds  for  dry  matter  and  at 
least  semi-annual  complete  fodder  analyses,  as  is  set  forth  at  length 
in  bulletin  225,  dealing  with  the  protein  requirements  of  dairy  cows. 
Milk  analyses  were  made  throughout  the  course  of  the  trials,  each  week 
for  total  solid  and  fat  contents,  every  five  weeks  for  proteins,  milk 
sugar  and  ash. 

The  average  compositions  of  the  three  grain  rations  were  as 
follows : 


^  The  conduct  of  the  trials  was  in  most  respects  Identical  with  that  obtaining 
in  connection  with  the  lone  continued  protein  trials,  which  is  described  in  much  de- 
tail on  pages  12-51  of  bulletin   225. 

*  Through  error,  or  following  abortion,  a  few  cows  were  pastured  for  a  few 
weeks  each,  as  noted  at  appropriate  places  in  the  text. 
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Full  details  as  to  the  variations  from  these  averages  from  time  to 
time  during  the  long  experiment  are  to  be  found  in  bulletin  225. 

Whenever  a  cow  was  fed  a  definite  grain  ration,  the  medium  pro- 
tein one,  for  example,  she  was  continued  upon  that  ration  day  in  and 
day  out,  year  in  and  year  out,  as  long  as  she  was  used  in  these  trials, 
whether  for  one  year  or  for  ten  years,  the  grain  ration  never  vary- 
ing in  respect  to  its  composition,  but  of  course  varying  in  respect 
to  the  quantity  fed,  in  accordance  with  what  were  deemed  to  be  the 
needs  of  the  cow  or  the  exigencies  of  the  trial. 

The  computations  as  to  the  nutrients  eaten  were  made  at  two-  and 
three-week  intervals  throughout  the  course  of  the  trials ;  that  is  to  say, 
a  computation  was  made  for  a  two-week  interval,  then  for  a  three-, 
then  for  a  two-,  then  for  a  three-,  etc.,  thus  enabling  one  at  all  times  to 
keep  a  close  check  upon  the  work. 


THE  cows 

In  the  summer  of  1907,  three  grade  Holsteins  and  three  grade 
Jerseys  were  chosen  and  started  upon  their  course.  These  animals 
had  just  calved  normally  and  were  listed  at  the  outset  in  the  study  of 
nutrient  usage  in  milk  making  and  body  maintenance.  The  low  protein 
ration  was  fed  to  a  grade  Holstein  and  to  a  grade  Jersey,  the  medium 
ration  to  another  similar  pair,  and  the  high  protein  ration  to  a  third. 
The  grade  Holstein  fed  the  low  protein  ration,  having  completed  her 
lactation,  being  then  due  to  enter  upon  the  period  of  maintenance, 
was  found,  as  a  matter  of  fact,  to  be  in  calf  and  was  withdrawn,  an- 
other grade  Holstein  being  substituted.  The  tabular  statement  on 
pages  13-14  indicates  the  life  histories  of  these  cows  while  they  were 
used  in  the  maintenance  trials,  in  so  far  as  they  relate  to  the  times  of 
the  opening  and  closing  of  the  several  experimental  periods. 
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At  various  times  between  the  fall  of  1912  and  the  spring  of  1913, 
another  lot  of  six  cows,  including  two  registered  Ayrshires,  one  grade 
Holstein  and  three  grade  Jerseys,  were  started  upon  a  course  similar 
to  that  of  their  predecessors.  They  likewise  were  fed  two  the  low, 
two  the  medium  and  two  the  high  protein  rations.  Their  life  histories 
also  are  set  forth  in  the  tabular  statement  on  pages  13-14. 

During  the  winter  and  spring  of  1914-15,  five  more  cows,  all  grade 
Jerseys,  were  started  upon  similar  work,  their  life  histories  appearing 
in  the  same  tabular  statement  on  pages  13-14. 

And,  finally,  three  cows,  one  registered  Ayrshire  and  two  grade 
Jerseys,  were  kept  dry  and  unserved  for  a  series  of  years — in  one  case 
over  seven  years — and  were  used  in  what  colloquially  was  termed  the 
"plunging"  experiment,  in  that  they  were  kept  for  a  year  as  nearly  as 
might  be  at  an  even  food  usage  and  weight  and  then  for  a  year  were 
fed  sometimes  scantily  and  sometimes  abundantly,  so  that  they  lost 
and  gained  and  lost  and  gained  and  lost  and  gained  again ;  then  for  a 
year  were  maintained  at  a  definite  weight;  and  then  again  allowed  to 
lose  and  gain  back  and  forth.  Their  life  histories  also  are  indicated 
in  the  the  tabular  statement  on  pages  13-14. 

The  following  conspectus  sets  forth  a  concise  view  of  the  plan  of 
the  trials,  the  cows  used  in  each  trial,  I-VIII  inclusive,  and  the  period 
when  in  use  in  a  given  trial.  Thus,  for  example,  in  the  horizontal 
column — '*Altje,"  the  letter  "i,"  listed  under  the  heading  "maintenance 
less  than  one  year"  in  the  upper  lefthand  corner  of  the  table,  indicates 
that  this  particular  cow  during  the  ninth  period  ("i"  is  the  ninth  letter 
of  the  alphabet)  of  her  longdrawn  out  experimental  usage  was  em- 
ployed for  a  period  of  less  than  one  year  for  the  purpose  of  securing 
data  touching  maintenance  per  se  and  apart  from  considerations  of 
milk  making  or  foetal  construction.  It  will  be  noted  that  Altje,  for 
example,  contributed  data  in  seven  of  the  eight  sorts  of  comparisons 
and  in  three  instances,  twice,  whereas  some  cows,  Vinegar,  for  ex- 
ample, only  contributed  twice,  while  three  cows  made'  each  only  a 
single  contribution  to  the  trials.  This  tabulation,  taken  in  conjuncticm 
with  the  more  detailed  statement  on  pages  13-14,  serves  to  show  how, 
when  and  where  the  20  cows  were  used. 
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Altje 
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NoTB. — ^Roman  numerals,  e.  g.,  IV,  refer  to  the  particular  trial,  e.  g., 
maintenance  and  fcetus  (abortion),  as  well  as  to  the  section  of  this  bulletin. 
Small  letters,  e.  g.,  (d),  refer  to  the  period  as  shown  in  the  table  on  pages 
13-14.  Thus,  for  example,  the  letters  a,  h  under  VI  In  the  Altje  horizontal 
column  Indicate  that  Altje  was  used  In  periods  A  and  H  in  the  study  of 
maintenance  and  milk  making  costs  for  more  than  one  year.  Reference  to 
the  tables  on  pages  13-14  will  Indicate  the  duration  of  the  periods  In  question. 


LIMITATIONS  OF  THE  TRIALS 

In  trials  lasting  for  such  a  long  series  of  years  and  in  which  so 
many  cows  were  employed,  of  necessity  difficulties  were  encountered. 
This  particular  set  seemed  to  be  fated  in  many  ways. 

1.  The  trials  suffered  by  the  frequent  change  of  the  expert  in 
charge.  During  the  13  years,  no  less  than  five  different  dairy  husband- 
men came  and  went.  The  trials  were  started  by  Professor  C.  L. 
Beach — for  the  last  12  years  President  of  the  Connecticut  Agricul- 
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tural  College.  They  were  continued  under  the  charge  of  his  suc- 
cessor, Professor  R.  M.  Washburn,  who  left  to  return  to  Minnesota, 
his  native  State  and  his  Alma  Mater,  after  three  years*  incumbency 
of  the  chair  of  animal  husbandry  at  this  institution.  He  bequeathed 
the  trials  to  his  successor,  Professor  A.  A.  Borland,  who  conducted 
them  for  four  years  and  then  left  to  return  to  Pennsylvania,  his  native 
State  and  Alma  Mater.  He  transmitted  them  in  turn  to  Professor 
G.  F.  E.  Story,  who  remained  three  years  and  returned  from  whence 
he  came,  to  the  employ  of  the  Massachusetts  Agricultural  College.  He 
passed  them  on  to  the  present  incumbent.  Professor  H.  B.  EUenberger. 
Obviously,  so  many  changes  in  oversight  have  injuriously  affected  the 
continuity  of  the  work.  Furthermore,  these  various  men  had  multi- 
farious duties  other  than  the  conduct  of  this  particular  trial,  which 
in  every  instance  constituted  a  relatively  minor  portion  of  their  work ; 
and  on  that  account,  likewise,  it  suffered. 

2.  For  a  long  series  of  years,  the  bam  foreman  was  one  and  the 
same  individual.  He  was  reasonably  careful  in  his  conduct  of  the 
work.  During  the  last  few  years,  however,  the  turn-over  of  farm  help 
has  been  excessive.  Many  men  have  had  charge  of  the  barn  work. 
Some  of  them  were  thoroughly  incompetent  and,  notwithstanding  such 
oversight  as  could  be  maintained  under  the  conditions  set  forth  in  the 
preceding  paragraph,  did  not  do  their  work  well.  This  situation  is 
one  which  now  has  become  a  commonplace  everywhere. 

3.  Abortion  and  sterility  have  greatly  affected  the  cohtinuity 
of  the  work.  In  an  investigation  of  this  character,  the  breaking  of  a 
single  link  in  the  chain  seriously  affects  the  usefulness  of  all  the  work. 

4.  To  cap  the  climax,  three  record  books,  kept  in  the  fireproof 
vault  in  Morrill  Hall,  disappeared  during  the  fall  of  1920.  They  con- 
tained the  live  weight  records  for  three  years,  1914-1917.  Many  hours 
of  search  in  every  direction  failed  to  locate  them.  They  were  in  the 
vault  in  early  September,  being  referred  to  but  not  taken  from  the 
vault  by  one  of  the  writer's  associates.  They  were  missed  early  in 
October.  It  seems  highly  probable  that  they  were  stolen,  possibly 
by  some  student  who  coveted  them  as  note  books. 

After  mature  deliberation  it  was  thought  best  to  try  to  arrive  at 
approximations  of  the  average  weights  in  each  instance.  It  was  felt 
that  this  could  be  done  with  a  reasonable  assurance  of  approximate 
accuracy.  Multitudinous  weight  records  of  all  the  cows  were  in  hand, 
records  made  some  before  and  some  after  the  period  in  question,  and 
in  many  instances  both  before  and  after.     Furthermore,  in  several  in- 
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stances  there  were  extant  live  weight  records  of  the  same  cows  made 
under  similar  conditions  as  to  feeding,  period  of  lactation,  etc.  With 
these  data  in  hand,  it  was  felt  that  attempts  at  approximation  were 
warranted,  and  such  were  made,  all  the  factors  entering  into  the  prob- 
lems being  given  due  weight.  When  the  final  figures  in  each  case 
were  secured,  they  were  put  to  one  side  until  all  had  been  determined. 
Then  all  the  data  and  all  the  circumstances  were  reviewed  once  again 
and  independently  of  the  former  computations,  and  the  results  laid 
aside.  And,  finally,  the  same  procedure  was  once  more  and  again 
independently  carried  out.  Then  for  the  first  time  the  three  sets  of 
figures  were  compared  and  were  found  in  almost  every  case  to  be 
closely  comparable.  Whatever  differences  occurred,  the  reasoning  and 
computation  back  of  the  divergent  figures  were  scanned  afresh.  No 
attempt  was  made  to  fix  upon  a  final  figure  closer  than  10  pounds.  In 
this  fashion  average  hypothetical  live  weight  data  have  been  supplied 
in  lieu  of  the  missing  figures.  It  seemed  better  to  do  this  than  to 
discard  so  large  a  proportion  of  the  total  work.  Furthermore,  the 
greater  part  of  the  damage  was  located  in  section  II  (maintenance  for 
long  periods  of  time  in  excess  of  12  months).  It  affects  24  of  the 
83  records  used  in  this  bulletin. 

Unfortunately  this  unhappy  loss — ^which  can  hardly  have  been 
anything  but  theft — quite  wrecked  one  portion  of  the  trial  wherein 
it  was  intended  to  measure  maintenance,  live  weight  losses  and  live 
weight  gains  alternately  over  long  periods  of  time.  Thus  one  cow, 
Lanta,  a  registered  Ayrshire,  was  fed  while  dry  and  barren  for  more 
than  seven  years  with  a  view  of  studying  this  matter,  and  her  record 
is  quite  useless  except  as  a  unit.  Whenever  the  record  as  used  in  any 
of  sections  I  to  IX,  inclusive,  is  thus  faulty,  specific  attention  is  called 
to  the  fact. 

It  should  not  be  forgotten,  when  noting  the  faults  underlying  this 
trial,  that  because  of  the  g^eat  volume  of  the  work,  the  considerable 
number  of  the  animals  employed,  and  the  extreme  length  of  the  experi- 
ment, these  limitations  to  the  contrary  notwithstanding,  the  ultimate 
outcome  is  one  in  which  one  can  justly  feel  a  considerable  degree  of 
confidence.  The  generous  scope  of  the  work  may  be  better  appreciated 
if  one  understands  that  35,851  cow-days,  or  more  than  98  years  of  cow 
life,  were  involved ;  that,  in  other  words,  the  20  cows  used  were  kept 
busy  in  this  trial  on  the  average  of  nearly  five  years  apiece.  Further- 
more, the  324  records  derived  from  the  protein  trials  in  bulletin  225 
covered  47,477  more  cow-days,  or  130  years  of  cow-life.  The  total 
figures  are  83.328  days  and  228+  years. 
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The  Maintenance  Requirements  of  Dairy  Cattle  15 

CONCERNING  FEEDING  STANDARDS 

Several  dicta  have  been  put  forth  by  different  investigators  touch- 
ing the  maintenance  needs  of  the  various  kinds  of  domestic  animals. 
The  first  feeding  standard  wherein  animal  needs  were  specifically 
set  forth  in  terms  of  amounts  of  total  nutrients  was  published  in  Ger- 
many in  1858  by  Grouven.  Six  years  later  Wolff  formulated  his 
standards  based  on  the  digestible  nutrient  contents  of  the  ration, 
which  became  thoroughly  fixed  by  1874.  These  were  the  so-called 
German  feeding  standards  introduced  in  this  country  in  the  mid-sev- 
enties by  Johnson,  Atwater  and  others.  Lehmann  (1899)  added  to 
and  modified  these  Wolff  formulas  in  several  ways,  especially  in 
respect  to  that  for  milch  cows.  Kiihn  (1897),  Maercker  (1902), 
Hansson  (1902),  Kellner  (1905-06)  and  others  in  Europe  have  sug- 
gested standards.  Several  students  of  animal  nutrition  in  America 
have  set  forth  their  ideas  touching  this  matter.  During  the  nineties 
Atwater  and  Phelps  (1894,  1897),  Woll  (1894)  and  Smith  (1897) 
suggested  standards  for  dairy  cattle;  and,  during  more  recent  years, 
as  a  result  of  much  more  careful,  fundamental  and  prolonged  investiga- 
tion, Woll  and  Humphrey  (1910),  Haecker  (1904,  1912,  1914),  Savage 
(1912),  Eckles  (1913)  and  Armsby  (1916)  have  suggested  sundry 
standards,  more  especially  for  the  dairy  cow;  whereas  Morrison  (1917) 
and  McCandish  (1920)  have  suggested  certain  modifications  of  the 
Haecker  and  Savage  statements. 

The  following  tabulations  (I-IV)  set  forth  such  statements  of  this 
character  (omitting  certain  earlier  and  relatively  inadequate  state- 
ments) as  have  come  to  the  writer's  attention  in  so  far  as  they  refer  to 
bovines.  It  well  may  be  that  some  standards  have  been  proposed 
which  have  escaped  his  notice.  They  are  not  uniformly  expressed, 
being  variously  indicated  according  to  the  notions  of  their  proponents 
and  the  advance  in  knowledge  and  in  investigational  methods.  The 
order  of  statement  is  in  a  general  way  chronological. 
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I.    Maintenance  Standards 
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Savage      Cornell 

Bui.  322 
Wolff-        Henry's 
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(mod.  by     and 
Morrison)   Feeding 
6.       (3)     Eckles       Mo.  Rsch. 
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4.95 
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(3) 

6. 

(3) 

7. 
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6.6 

■      •      •      • 

(4) 

7.9 

7.925          

7.925            

^Digestible  true  protein.     fErnflh.  d.  landw.  Nutz.   (1905).     tKontr.  Arbets.    (1910). 

There  seems  to  be  a  reasonably  substantial  agreement  in  respect 
to  the  maintenance  needs  of  the  cow.  The  several  maintenance  state- 
ments, reduced  as  nearly  as  may  be  to  equivalent  terms,  range  on  the 
1,(XX)  pound  live  weight  basis  from  0.6  to  0.7  pounds  digestible  crude 
protein  and  7.83  to  7.93  pounds  of  total  digestible  nutrients  (4  stand- 
ards) and  6  therms  (2  standards).  When,  however,  it  comes  to  the 
statement  of  the  food  requirements  in  milk  making,  greater  variation 
occurs. 

The  next  three  tables  set  forth  the  statements  made  by  the  parties 
indicated  touching  the  food  needs  of  the  milking  cow. 
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II.    Standards  fob  Milk-Makino 


For     each    x>ound 

of    milk   of   given 

fat  percentage 


Modified 

Wolff-  1 

Liehmann 

0              0 

1 

2 

u 

^^ 

o 

00 

Sti 

&§ 

S  N 

•C-K 

•Do 

tS  0) 

f< 

■«-''4-» 

U 

m  o 

rJti 

0)    t4 

edP 

boa 

l^c 

o 

S 

Eh 

Haecker 
(1914  form) 


09  o 


.Q 

|| 


Savage 

«      .      o 

3 

2 

b 

4^ 

o 

Q 

o  00 

<D  _ 

teti 

•-^  0 

:?i3 

•fi-^ 

'd  « 

"C 

no 

^■*j 

9u 

4P 

J^o, 

«« 

p 

h 

Eckles 


Armsby 


« 

o 

1 

^ 

1 

®  .^ 

4> 

•2  0 

w 

•^  a 

Ji'^ 

9 

•fi'S 

s* 

^ 

S5 

%  o 

a> 

<o  o 

4)  U 

Q 

Z 

P 

lbs.     lbs.      lbs.         lbs.      lbs.        lbs.        lbs.       lbs.  therms  lbs.  therms 
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lb.    cow 0.700       7.925  0.700  7.925  0.700  7.925 

2Y2  0.045-0.053  0.256  0.045  0.254  0.053  0.257 

3  0.047-0.057  0.286  0.047  0.284  0.057  0.287 

3%  0.049-0.061  0.316  0.049  0.313  0.061  0.319 

4  0.054-0.065  0.346  0.054  0.343  0.065  0.350 
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5  0.060-0.073  0.402  0.060  0.398  0.073  0.405 
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III.    Standards  fob  Milk-Making  (Cont.) 
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Note:  Dry  matter  omitted.  Atwater  and  Phelps'  digestible  carbohydrates  and 
fat  figures  are  expressed  as  minima  and  maxima,  i.  e.,  10-12.  Average  is  given,  i.  e.,  11. 
The  "spread"  is  always  two  points,  i.  e.,  10-12  or  .3-.5.  Kellner's  digestible  protein  and 
carbohydrate  figures  are  similarly  expressed,  the  spreads  being  0.4  (protein)  and  0.4, 
1.3,  1.8  and  1.4  (carbohydrates). 


IV.    Standards  fob  Miijc-Making  (Cont.)* 

Wolff:  24.  lbs.  organic  matter,  2.5  lbs.  digestible  protein,  12.5  lbs.  digestible  carbohy- 
drates, 0.4  lbs.  digestible  ether  extract. 

Woll:  23.41  lbs.  organic  matter,  2.15  lbs.  digestible  protein;  13.27  lbs.  digestible  carbo- 
hydrates; 0.74  lbs.  digestible  ether  extract. 

Atwater  and  Phelps:  25  lbs.  organic  matter,  2.5  lbs.  digestible  protein,  13  to  12  lbs. 
digestible  carbohydrates,  0.5  to  0.8  lbs.  digestible  ether  extract  (earlier  form). 


*Per  1,000-lb.  cow. 
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Smith:     23.57  lbs.  dry  matter,  2.06  lbs.  digestible  protein,  12.5  lbs.  digestible  carbc^ 

hydrates,  0.89  lbs.  digestible  ether  extract. 
Hanssen:     To  maintenance  ration   (0.65,  6.6)   add  per  pound  of  milk  0.045-0.05  pounds 

digestible  crude  protein  and  0.33  feed  units.     (See  Vt  Sta.  Bui.  158,  pp.  200-203.) 
Armsby:     To  maintenance  ration  (0.4-0.6,  4.95-7.)  add  per  pound  of  4.  percent  milk  Oj>: 

pounds  digestible  true  protein  and  0.3  therms  (earlier  form). 
Woll-Humphrey:     To  maintenance  ration  (0.7,  7.9)  add:  for  less  than  y^  lb.  fat  1.1; 

lbs.  digestible  crude  protein,  lO.G  lbs.  total  digestible  nutrients;  for  V2  to  ^  lb 

1.49  and  12.3;  for  %  to  1  lb.,  1.8  and  14.1;  for  1  to  1%  lbs.,  2.11  and  15.8;  for  1* 

to  1V»  lbs.,  2.43  and  17.6;  for  1%  to  1%  lbs.,  2.74  and  19.3;  for  1%  to  2  lbs..  3.05  atd 

21.1  lbs. 

Wolff's  original  standard  (IV)  was  a  single  statement  and  based 
on  physiological  considerations.  It  took  no  account  of  either  the  quan- 
tity or  quality  of  the  milk  flow.  Lehmann  (III),  revising  this  stand- 
ard at  a  later  period,  varied  it  by  taking  account  of  the  quantity  differ- 
ences in  milk  flows,  without  regard  to  quality  variations. 

IV oil's  statement,  a  single  one  (IV),  was  based  on  the  average 
feeding  practice  of  128  Wisconsin  farmers,  some  of  which  was  good, 
some  less  good.  This  hardly,  in  the  proper  sense  of  the  term,  con- 
stitutes a  standard. 

Atwater  and  Phelps  (III,  IV)  set  up  two  different  standards,  the 
earlier  form  closely  resembling  the  Wolff  standard,  the  latter  based 
upon  the  Wolff -Lehmann  idea  of  varying  nutrient  usage  for  varying 
quantities  of  milk. 

Smith's  formula  (IV)  merely  set  forth  what  happened  to  be  fed  to 
a  certain  college  herd  during  a  certain  winter;  but  it  was  termed  "a 
standard." 

Hansson  (I,  IV)  built  his  standard  upon  an  arbitrary  basis  of 
somewhat  doubtful  applicability  in  respect  to  American  fodders  and 
feeds,  on  the  so-called  "feed  unit"  basis,  a  feed  unit  representing  a 
pound  of  a  standard  grain  or  its  equivalent  in  fodders  or  feeds. 

Kellner  (I,  III)  struck  out  in  a  quite  new  path  and,  as  a  result  of 
experimentation  with  a  modern  respiration  apparatus,  suggested  feed- 
ing standards,  varied  for  different  milk  yields,  based  in  part  upon  net 
food  values  rather  than  digestible  food  values,  deducting  the  energy- 
expended  in  the  work  of  mastication,  digestion  and  assimilation  from 
the  available  energy  furnished  by  the  total  digestible  nutrients.  He  set 
forth  his  standards  in  terms  of  what  he  called  "starch  values."  With 
one  pound  of  digestible  starch  as  his  unit,  he  considered  a  pound  of 
digestible  protein  to  have  0.94  pound,  digestible  carbohydrates  one 
pound,  and  fats  from  1.61  to  2.41  pounds  starch  value  according  to 
their  origin.  His  standard  for  milch  cows,  however,  was  also  ex- 
pressed in  terms  of  digestible  crude  protein,  carbohydrates  and  fat. 
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Woll  and  Humphrey  (I,  IV)  set  forth  a  standard  based  upon  the 
varying  fat  contents  of  milks,  i.  e.,  1  pound,  lyi  pounds,  2  pounds.  It 
took  no  cognizance,  however,  of  the  fact  that  a  pound  of  fat,  for  exam- 
ple, may  be  contained  in  33.3  pounds  of  3  percent  milk  or  in  16.7 
pounds  of  6  percent  milk. 

The  Haecker  standard  for  milk  production  (I,  II)  was  the  first 
in  which  the  difference  between  milks  were  recognized  and  nutrient 
usages  adjusted  to  such  differences.  For  some  years,  however,  it  was  a 
variable  rather  than  a  fixture.  When  first  set  forth  in  1904  (Minn. 
Sta.  Bui.  79,  p.  104)  it  was  very  definite.  However,  it  was  justly 
criticized  on  the  ground  that  it  was  predicated  on  meagre  data.  Con- 
sequently, in  1912,  a  second  set  of  figures  "as  used  in  his  classroom," 
was  published  (N.  Y. — Cornell — Sta.  Bui.  322,  p.  77).  This  varied 
considerably  from  its  predecessor,  being  higher  on  the  average  by  about 
2  percent  in  digestible  protein  and  7  percent  in  total  digestible  nu- 
trients. Then,  in  1913  and  1914,  a  third  set  of  figures  was  announced 
(Minn.  Sta.  Buls.  130,  pp.  12-14;  140,  p.  56)  entirely  unlike  either  of 
the  standards  which  had  been  issued  earlier.  This  1914  model  aver- 
ages 13  and  10  percents  higher  in  respect  to  digestible  protein  and  16 
and  8  percents  higher  in  respect  to  total  digestible  nutrients  than  those 
which  preceded  it.  Unfortunately,  no  reference  is  made  in  any  of 
these  later  publications  to  the  fact  that  the  newly  proposed  figures 
supersede  others.  This  has  caused  confusion;  and  so  it  happens  that 
three  different  so-called  Haecker  standards  have  been  in  use  at  the  same 
time.  Indeed,  the  most  recent  American  proposer  of  a  standard,  mak- 
ing use  of  one  of  Haecker's  in  the  formulation  of  his  own  newly  derived 
standard,  fell  into  the  error  of  employing  one  of  the  temporary  forms. 
It  is  now  seven  years  since  the  last  change  was  made;  furthermore, 
Professor  Haecker  has  retired  and  is  enjoying  well-earned  rest;  hence 
it  seems  fair  to  assume  that  no  further  alteration  is  contemplated. 

The  following  excerpts  from  these  several  standards  illustrate 
the  situation.  The  1913  and  1914  forms  are  really  identical — differing 
only  in  the  matter  of  the  last  decimal. 

O   BE  FED  IN  ADDITION  TO  MAINTENANCE  STANDARD  PER  POUND  OP  MITJC  OF  THE  FAT  CONTENT 

INDICATED 


Dlgrestible 

5  protein 

Digrestible  carbohydrates 

Digestible  ether  extract 

1904 

1912 

1913 

1914 

1904 

1912  1913  1914 

1904 

1912 

1913   1914 

percent 

.0397 

.0420 

.047 

.0469 

.181 

.189  .2   .199 

.0136 

.0133 

.017  .0170 

percent 

.0467 

.0480 

.054 

.0539 

.214 

.233  .24  .242 

.0159 

.0164 

.021  .0208 

percent 

.0537 

.0540 

.060 

.0604 

.247 

.271  .28  .284 

.0182 

.0191 

.024  .0243 

percent 

.0607 

.0600 

.067 

.0668 

.280 

.307  .32  .322 

.0206 

.0216 

.028  .0276 

percent 

.0677 

.0660 

•  •  fl  • 

.0738 

.313 

.341  ...  .359 

.0229 

.0242 

0308 
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The  Savage  standard  (I,  II),  like  all  which  have  been  proposed 
during  the  last  15  years,  recognizes  that  the  amounts  of  nutrients 
suggested  need  to  be  varied  according  to  the  richness  of  the  milk. 
It  is  based  upon  a  considerable  amount  of  experimentation  carried  out 
by  the  author  as  well  as  by  others  and  represents  his  deductions  from 
the  material  in  hand. 

Armby  (I,  II)  first  set  forth  his  standard  for  milk  in  simple  terms 
of  the  needs  of  4  percent  milk  but,  later,  differentiated  as  between  milk 
of  various  grades  in  his  "Production  Value  Tables." 

The  Eckles  standard  (I,  II)  is  modestly  termed  a  "tentative  state- 
ment." It  strikes  out  in  quite  a  new  line  in  that  it  adopts  the  idea  set 
forth  by  Kiihn  and  Armsby  that  true  protein  rather  than  crude  pro- 
tein should  be  the  basis  of  statement  as  to  the  needs  for  this  nutrient. 
Eckles  follows  Armsby  in  discarding  the  total  digestible  nutrients, 
carbohydrates,  fat,  etc.,  form  of  statement  and  expressing  energy  needs 
in  terms  of  therms.  His  dicta  are  based  upon  data  derived  from 
experimentation  with  18  farrow  cows  fed  a  year  apiece  and  two  farrow 
cows  fed  three  and  one-half  and  fourth  months  apiece. 

Morrison's  so-called  "modified  Wolff-Lehmann's"  standard  (I,  II) 
represents  simply  an  average  of  the  Haecker  (1914  form)  and  Savage 
standards,  expressed,  so  far  as  digestible  protein  is  concerned,  as 
minima  and  maxima,  and,  so  far  as  total  digestible  nutrients  are  con- 
cerned, as  averages.  The  writer  can  not  but  feel  that  to  term  these 
modified  Wolff-Lehmann  standards  is  a  misnomer,  since  the  figures 
represent  neither  Wolff's  nor  Lehmann's  but  Haecker's  and  Savage's ; 
but  so  they  are  called  and  the  accepted  terminology  is  adopted  here. 

McCandlisWs  modification  represents  simple  means,  the  Haecker 
(1912  form)  and  Savage  digestible  protein  requirements  being  aver- 
aged. This  average  is  subtracted  from  the  average  of  the  two  total 
digestible  nutrient  statements  and  expressed  as  a  "carbohydrate  equi- 
valent." 

The  multiplicity  of  standards  set  up  by  students  of  animal  nutri- 
tion in  this  and  other  lands  makes  for  confusion.  There  are  15  of 
them  listed  in  these  tables  and  not  all  are  included.  Furthermore,  thev 
differ  among  themselves  as  to  method  of  statement  and  amounts  of 
nutrients  suggested  for  various  grades  of  milk,  as  well  as  for  the  same 
grade  of  milk.  Some  are  expressed  in  terms  of  digestible  crude  pro- 
tein, some  of  digestible  true  protein;  some  in  terms  of  total  digestible 
nutrients,  some  in  terms  of  therms  of  energy ;  some  are  based  on  milk 
weights,  some  on  butter  fat  weights.  They  can  not  all  be  right.  If  one 
confines  oneself  only  to  the  American  standards  of  the  past  ten  years. 
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one  has  to  deal  with  the  dicta  of  Woll  and  Humphrey,  of  Haecker  (the 
1904,  1912  and  1914  forms),  of  Savage,  of  Morrison,  (modified  Wolff- 
Lehmann),  of  Eckles,  of  Armsby  and  of  McCandlish,  all  of  them  dif- 
fering more  or  less,  some  more,  some  less,  among  themselves.  To 
tabulate  the  data  for  each  cow  and  each  period  in  the  feeding  trials 
lasting  from  1906  to  1920  as  shown  in  sections  V.  to  VIII.  of  this  bul- 
letin, and  to  compare  the  results  with  the  calculated  results  according  to 
each  of  these  many  standards,  would  necessitate  extremely  complicated 
tables,  which  could  not  be  placed  upon  a  page,  even  if  placed  sidewise. 
Now  the  writer  abominates  tables  printed  sidewise  of  the  page.  Few 
people  read  tables  anyhow ;  and  very  few  even  look  at  sidewise  tables. 
However,  comparisons  could  be  made  in  tables  printed  upright,  if  only 
three — or,  perhaps  by  crowding,  four — standards  were  used  for  compar- 
ison. It  seemed  best  under  the  circumstances  to  make  no  use  of  any  of 
the  European  standards  or  the  earlier  suggestions  made  on  this  side  of 
the  water  during  the  nineties ;  furthermore,  to  make  no  use  of  five  of  the 
more  recently  proposed  American  standards  for  the  reasons  indicated 
below;  to  use  only  three  in  full,  namely  the  Haecker  (1914  form). 
Savage  and  Eckles  (converted),  because  of  their  wide  acceptation,  their 
representativeness  and  their  unlikenesses;  and  to  print  the  Armsby 
(converted)  comparisons  in  the  46  main  tables  in  sections  V.  to  VIII. 
(pages  74  to  139),  apart  from  the  other  three,  so  that  tabular  perpen- 
dicularity might  be  maintained.  This  procedure  makes  the  interpreta- 
tion of  the  tables  somewhat  obscure  but  the  broad  double  line  of 
separation  used  in  each  table  should  serve  to  clarify  them. 

The  reasons  which  actuated  the  writer  in  not  tabulating  the  data 
furnished  by  the  use  of  five  American  standards  may  be  stated  suc- 
cinctly as  follows. 

W oil-Humphrey.  Use  of  fat  weights  instead  of  milk  weights  as  a 
basis,  being  unlike  all  other  standards  in  this  respect ;  an  illogical  basis 
in  that  it  does  not  take  into  account  the  varying  contents  of  milk  albu- 
minoids in,  for  example,  20  lbs.  of  5  percent  and  40  lbs.  of  2^/^  percent 
milk,  each  containing  1  pound  of  fat. 

Morrison  (so-called  modified  Wolff-Lehmann).  Digestible  pro- 
tein figures  expressed  as  minima  and  maxima,  therefore  indefinite; 
minima  and  maxima  represent  simply  the  Haecker  (1914  form)  and 
Savage  figures,  respectively ;  total  digestible  nutrient  figures  are  simply 
the  average  of  the  Haecker  (1914  form)  and  Savage  figures.  It  is 
obvious  that  anyone  who  desires  to  know  the  results  of  comparisons 
with  this  standard  actually  has  the  figures  before  him  in  each  instance. 

Haecker  (1904  and  1912  forms).     Superseded  by  1914  standard. 
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McCandlish.  Simply  the  averaging  of  the  Savage  and  a  tem- 
porary (1912)  form  of  the  Haecker  standard  (which  the  author  pre- 
sumably has  repudiated  by  the  issuance  of  greatly  increased  figures  in 
1914)  ;  and  the  calculation  of  a  "carbohydrate  equivalent"  from  such 
averages. 

Data  are  furnished  in  the  sidelines  of  every  one  of  the  46  tables  in 
sections  VI.  to  VII.,  which,  in  conjunction  with  the  matter  on  pages 
17  to  22,  will  enable  anyone  who  desires  quickly  and  accurately  to 
calculate  each  individual  comparison  for  any  one  or  all  of  the  several 
standards,  this  for  both  digestible  crude  protein  and  total  digestible 
nutrients. 

The  Armsby  and  Eckles  standards  are  stated  in  terms  of  digestible 
true  protein  and  of  therms  of  net  energy  instead  of  in  terms  of  digesti- 
ble crude  protein  and  total  digestible  nutrients.  Now  the  ratios  of  the 
one  to  the  other  vary  in  different  fodders  and  feeds.  Calcnilation  from 
the  data  supplied  by  Armsby^  for  the  more  important  American  grown 
materials,  furnishes  the  subjoined  table. 

DiGESTiBTj;:  "crude"  and  "true"  proteins;   total  digestible  nutrients  and 

TIIERMS;     ratios,    RANGES    AND    AVERAGES 

Ratios    of 
di£restiblo 
Digestible  Digestible        crude   to   true 

crude  protein  true  protein  protein 

Range      Ave.  Range      Ave.       Range  Ave. 

%     %  %  %     %         %  100:  100: 

Grains  and  seeds 13        6.1-30.7     13.  5.7-27.3     11.6        87-93     90 

By-products* 11  7.  -37.  22.4  6.3-35.4  20.8  82-97  92 

By-productst 4  1.  -20.3  6.8  0    -12.5  3.3  0-62  . . 

Hay  and  dry  coarse 

fodders    11  2.1-13.1  6.6  1.6-  9.2  4.8  65-87  75 

Straws 4  0.7-  1.  0.8  0.3-  0.8  0.6  42-80  64 

Fresh  green 

roughages  9  0.7-  Z:6  1.9  0.4-  2.2  1.3  65-87  69 

Silages 4  1.1-  2.6  1.7  0.6-  1.5  1.  55-62  59 

Ratios  of  total 
digestible 
Total  digestible  nutrients  to 

nutrients  Therms  therms 

Range        Ave.  Range       Ave.         Range     Ave. 

%      %         %  %     %  %         100:  100:  100: 

Grains  and  seeds . .  13  63.4-85.9  78.4  59.7-93.7  80.6  94-116  102.6 

By-products* 11  65.7-88.9  76.  53.  -93.5  76.8  81-120  100.6 

By-productst   4  59.2-71.6  65.5  55.4-75.9  65.3  94-106  99.5 

Hay  and  dry 

coarse  fodders..  11  46.1-53.7  50.5  31.6-51.2  40.2  67-96  76.8 

Straws    4  36.9-45.6  41.6  7.2-36.6  24.1  20-  86  56.6 

Fresh  green 

roughages    9  13.3-22.2  16.5  11.5-18.9  15.1  78-  98  91.7 

Silages    4  11.9-17.7  14.5  7.3-15.9  11.5  61-  90  77.5 

>Pa.  Sta.,  Bui.  142    (1916). 

•Brewers'  dried  grains,  cottonseed  meals  (choice  and  prime),  corn  distillers' 
dried  grains,  gluten  feed,  hominy  feed,  linseed  meals  (old  and  new  processes), 
wheat  bran,  wheat  middlings  (flour  and  standard). 

fMalt  sprouts  (62),  molasses  (beet  and  cane)    (0),  dried  beet  pulp  (15). 
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A  survey  of  this  table  would  seem  to  justify  the  following  very 
general  statements : 

1.  In  grains,  seeds  and  by-products  (exclusive  of  malt  sprouts, 
molasses  and  beet  pulp).  Nine-tenths  of  the  crude  protein  is  true 
protein;  and  one  percent  of  total  digestible  nutrients  is  equivalent  to 
a  therm. 

2.  In  hays  and  coarse  dry  fodders.  Three-fourths  of  the  crude 
protein  is  true  protein;  and  one  percent  of  total  digestible  nutrients 
is  equivalent  to  three-fourths  of  a  therm. 

3.  In  fresh  green  roughages.  Two-thirds  of  the  crude  protein  is 
true  protein ;  and  one  percent  of  total  digestible  nutrients  is  equivalent 
to  nine-tenths  of  a  therm. 

4.  In  silages  and  straws.  Three-fifths  of  the  crude  protein  is 
true  protein  and  one  pound  of  total  digestible  nutrients  is  equivalent 
to  three-fourths  of  a  therm  (in  silage)  or  three-fifths  of  a  therm  (in 
straw).  « 

Obviously  in  order  to  convert,  as  it  were,  the  Armsby  and  Eckles 
standard  statements  of  true  protein  and  therms  into  the  crude  protein 
and  total  nutrient  terms  of  the  Haecker,  Savage  or  modified  Wolff- 
Lehmann  standards,  one  must  know  in  any  given  case  what  roughages 
and  concentrates  are  fed  and,  in  a  general  way,  in  what  proportions 
they  are  fed.  In  the  trials  now  under  consideration,  the  proportions 
of  hay,  silage  and  concentrates  fed  the  20  cows,  stated  on  the  total 
digestible  nutrients  basis,  on  the  average  approximated  42,  28  and  30. 
Using  these  three  figures  in  connection  with  the  Armsby  analytical 
data,  except  as  indicated  by  the  *  footnote,  we  have  the  following 
statement : 
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Hay 

42       4.57 

3.06 

50.97 

41.38 

1.92 

1.29 

21.42 

17.38 

SUage  

28       1.06 

0.53 

14.88 

14.04 

0.30 

0.15 

4.17 

3.93 

Concentrates  . . 

30     15.81* 

14.68 

64.53 

68.24 

4.74 

4.40 

19.36 

20.47 

6.96 

5.84 

44.95 

41.78 

1.19 

:  1.00 

1.08  : 

1.00 

•Average  of  analyses  of  low,  medium  and  high  protein  grain  rations. 

Note:  Since  this  table  is  a  most  important  one  and  since  the  ratios 
1:  1.19  and  1:  1.08  are  fundamental  to  the  argument  throughout  the  bulletin, 
it  seems  desirable  to  Justify  the  data  and  explain  their  derivation. 
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Digestible  crude  protein:  total  digestible  nutrients:  Hay,  [Averages 
54  analyses  mixed  hay:  4.68,  51.43  (X  9)  +  average  12,  11  and  11  analyses 
of  summer,  oat  and  rowen  hays  4.53,  46.80  (X  1)]  -^  10.  8ilage,  Ayera^e 
56  analyses.    Concentrates.    Average  84  analyses. 

Digestible  true  protein:  net  energy  values  (therms)  Armsby,  Pa.  Bui,  142, 
pp.  17-20.  Hay.  [Mixed  timothy  and  clover  3.2,  41.07  (X  6)  -f-  timothy 
(early  to  full  bloom),  2.5,  47.40  (X  1)]  -^  7  X  0.986  to  reduce  to  average  dry 
matter  content.  Silage.  0.6,  15.90;  X  0.883  to  reduce  to  average  dry  matter 
content  of  silage  fed.  Concentrates.  [Wheat  bran,  10.8,  53.00  (X  8)  +  oats, 
8.7,  67.56  (X  4%),  +  hominy  feed,  6.5,  81.31  (X  2),  +  gluten  feed,  20.1,  80.72 
(X  1).  -f-  cottonseed  meal  (prime),  32.0,  90.00  (X  3^),  +  linseed  meal  (O. 
P.),  28.5,  88.91  (X  2)];  X  0.957  (true  protein)  to  adjust  to  basis  of  the 
average  digestible  crude  protein  content  of  the  three  concentrate  rations  fed 
and  X  0.982  (net  energy  values)  to  reduce  to  average  dry  matter  content  of 
the  three  concentrate  rations  fed. 

Applying  these  latter  ratios  to  the  Armsby  and  Eckles  standards 
and  comparing  the  results  with  the  Haecker  and  the  Savage  standard 
statements,  we  have  the  following  figures : 

STANDARDS   FOR  MILK   MAKING^ 


For  onoh  iK>und  of  milk  of 
a  given  fat  percentage 


Haecker 
ri914  form) 


s 

o 

OQ  o 

boa 


■*■* 

flO 
«  OB 

■«-'  C 


Savage 


Q 


o 

s 


9  m 

V  9 


Eckles* 

(converted) 


Armsby^ 
(converted) 


9 

9 

9 

9 

»4 

a 

2 

o 

•m 

V 

« 

9  9 

«  • 

Sts 

5^ 

iSc 

i?S 

•fi-s 

«• 

^"^ 

■O* 

5* 

4P 

535 

X 

l^ 

l^ 

^ft 

«« 

60A 

^« 

Q 

b* 

S 

H 

lbs.      lbs. 
Maintenance 

(1,000  lb.  cow)    0.7      7.925 

2^^   0.045  0.254 

3       0.047  0.284 

8  Vj   0.049  0.313 

4       0.054  0.343 

4U   0.057  0.372 

5       0.060  0.398 

5Uj   0.0G4  0.424 

6       0.067  0.451 

6Ui   0.072  0.480 

7       0.074  0.502 


lbs.       lbs.        lbs.      lbs. 


lbs.       lbs. 


0.7  7.925 
0.053  0.257 
0.057  0.287 
0.061  0.319 
0.065  0.350 
0.069  0.379 
0.073  0.405 
0.077  0.431 
0.081  0.457 
0.085  0.484 
0.089  0.508 


0.595  6.48 


0.060 
0.062 
0.065 
0.069 
0.074 
0.079 
0.083 
0.089 


0.281 
0.302 
0.324 
0.356 
0.389 
0.432 
0.486 
0.540 


0.595 
0.049 
0.051 
0.054 
0.058 
0.062 
0.066 
0.069 
0.073 
0.076 
0.081 


6.48 

0.205 

0.231 

0.257 

0.286 

0.314 

0.340 

0.365 

0.390 

0.416 

0.441 


^  No  attempt  Is  made  in  these  standards  to  carry  them  to  the  final  decimal. 
No  attempt  is  made  to  publish,  as  do  some  of  the  authors,  to  the  tenth  of  a  percent. 
No  attempt  is  made  in  their  application  in  sees.  V.  to  VIH.  of  this  bulletin  to 
calculate  closer  than  one-fourth  of  one  percent  faL  In  the  writer's  opinion  the 
fourth  decimal  place  is  equivnlont  to  lily  p:\intin^  and  a  tenth  of  a  percent  far 
within  the  limits  of  experimental  error. 

•X   1.19  and  X  l.OS. 

As  has  already  been  said,  not  only  does  disagreement  exist  in 
method  of  statement  but  likewise — ^and  more  important — disa^eement 
as  regards  the  nutrient  needs  of  the  cow.  It  seems  best,  therefore,  to 
attempt  to  unify  the  method  of  statement  so  tliat  in  a  general  way  one 
may  indicate  the  divergencies  between  these  several  measuring  rods. 
.\ccordiiigly.  the  tables  on  the  next  page  have  been  prepared  setting 
forth  these  differences.  Taking  the  Haecker  standard  as  unity,  in  gen- 
eral terms  the  other  standards  are  related  thereto  as  shown  herewith. 
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CROSS    COMPABISON8    OF    STANDARDS — ^ARMSBY     (CONVERTED)    STANDARD    COMPARED 

WITH 


Haecker 

Savagre 

Eckles  (converted) 

On 

S    c 

*     - 

•C  A'5 

-a  V 

fU  <nT! 

'S  ® 

^  m^ 

-«-» 0 

8S 

8-c 
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It 

n  :3  0 

00  M  0 
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Q 

H 

Q 

H 

Q          1 

H 

Maintenance 

..—0.105 

—1.445 

—0.105 

—1.445 

0. 

0. 

2%  percent. . . 

.+0.004 

—0.049 

—0.004 

—0.052 

3      percent... 

.+0.004 

—0.053 

—0.006 

—0.056 

—0.009 

—0.050 

3^  percent... 

.+0.005 

—0.056 

—0.007 

—0.062 

—0.008 

—0.045 

4      percent... 

.+0.004 

—0.057 

—0.007 

—0.064 

—0.007 

—0.038 

4%  percent. . . 

.+0.005 

—0.058 

—0.007 

—0.065 

—0.007 

—0.042 

5      percent... 

.  +0.006 

—0.058 

—0.007 

—0.065 

—0.008 

—0.059 

5^  percent. . . 

.+0.006 

—0.059 

—0.008 

—0.066 

—0.010 

—0.067 

6      percent... 

.  +0.006 

—0.061 

—0.008 

—0.067 

—0.010 

—0.096 

614  percent... 

.  +0.004 

—0.064 

—0.009 

—0.068 

—0.013 

—0.124 

7      percent. . . 

.+0.007 

—0.061 

— O.008 

—0.067 

CROSS    COMPAR] 

[SONS    OF    STANDARDS- 

-ECKI£S     (CONVERTED) 

STANDARD 

COMPARED 

WITH   ] 

RAECKER    AND    SAVAGE 

;    HAECKER 

COMPARED   WITH    SAVAGE 

Haecker  compared 
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Savage 

with 

Savage 
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«» 
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OB  S  0 

Iges 
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Otal 
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Q 
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H 

I      0 

I      H 

Maintenance  . 

.—0.105 

—1.445 

—0.105 

—1.445 

0. 

0. 

2^2   percent... 

•             •  •  •  ■ 

•  •  •  • 

•   •   •   • 

•   •   •   • 

—0.008 

—0.003 

3       percent... 

.+0.013 

—0.003 

+0.003 

—0.006 

—0.010 

—0.003 

3^  percent.. 

.+0.013 

—0.011 

+0.001 

—0.017 

—0.012 

—0.006 

4       percent. . . 

.+0.011 

—0.019 

0. 

—0.026 

—0.011 

—0.007 

4%    percent. . . 

.+0.012 

—0.016 

0. 

—0.023 

—0.012 

—0.007 

6       percent. . . 

.+0.014 

--0.009 

+0.001 

—0.016 

—0.013 

—0.007 

5^   percent... 

.+0.015 

+0.008 

+0.002 

+0.001 

—0.013 

—0.007 

6       percent. . . 

.+0.016 

+0.035 

+0.002 

+0.029 

—0.014 

—0.006 

6V2   percent... 

.  +0.017 

+0.060 

+0.004 

+0.056 

—0.013 

— O.004 

7      percent. . . 

•          •  •  •  •  • 

—0.015 

—0.006 

COMPARISONS  OF  STANDARDS  ON  THE  PERCENTAGE  BASIS — 

HAECKER  STANDARD  =  100 


Digestible  protein 
Haecker  Savage     Eckles 


Armsby 


Digestible  dry  matter 
Haecker  Savage       Eckles     Armsby 


3         100 

121 

128 

IOSVj 

3 

100 

101 

99 

81 

4         100 

120 

122 

109 

4 

100 

102 

95 

831/^ 

5         100 

122 

123 

109 

5 

100 

102 

98 

85Vj 

6    •    100 
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124 

108 

6 

100 
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108 

86 1^, 

7         100 

120 

... 

1091/2 

7 

100 

101 

«   •  • 

88 

Average 

Average 

100 

121 

124 

109 

100 

101  K» 

100 

85 
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COMPARISON  BETWEEN  THE  STANDARDS  FOR  MILK  PRODUCTION 

The  Haecker  standard  being  rated  as  unity,  the  other  three 
average : 

Digestible  protein.  Savage,  21%,  Eckles,  24%,  Armsby,  9%  high, 
with  variations  as  follows :  Savage,  20-22%  ;  Eckles,  22-28%  ;  Armsby, 
2  to  10%. 

Total  digestible  nutrients.  Savage,  1J4%  high,  Armsby,  15%  low, 
Eckles,  0;  with  variations  as  follows:  Savage,  1  to  2%,  Armsby,  12 
to  19%,  Eckles,  5%  low  to  8%  high. 

However,  the  Haecker  and  Savage  maintenance  standards  on  the 
one  hand  and  the  Eckles  and  Armsby  maintenance  standards  on  the 
other  are  widely  apart  in  the  ratios,  the  latter  being  in  respect  to  the 
former  15%  low  in  digestible  protein  and  18%  low  in  total  digestible 
nutrients.  Hence  the  maintenance  and  milk  figures  when  used  together 
are,  as  it  were,  a  composite.  The  average  calculated  digestible  protein 
and  total  digestible  nutrient  figures  in  the  46  comparisons  in  sections 
V.  to  VHI.,  inclusive,  are: 

Digestible  protein.  Armsby,  1.7,  Haecker,  1.71,  Savage,  1.90, 
Eckles,  1.87  pounds. 

Total  digestible  nutrients.  Armsby,  12.04,  Haecker,  14.52,  Sav- 
age, 14.62,  Eckles,  13.04  pounds. 

Rating  the  Haecker  standard  again  as  unity  we  have : 

Digestible  protein.  Savage,  11%  high,  Eckles,  9%  high,  Armsby, 
5^2%  low. 

Total  digestible  nutrients.  Savage,  1%  high,  Eckles,  10%  low, 
Armsby,  17%  low. 

This,  of  course,  is  a  tantamount  to  saying  in  a  very  general  way, 
so  far  as  digestible  protein  is  concerned,  that  on  the  one  hand  the 
I  laecker  and  Armsby  data  tend  to  be  comparable  and,  on  the  other,  the 
Savage  and  Eckles  data,  the  latter  averaging  about  10%  high  of  the 
former.  Furthermore,  it  is  tantamount  to  saying  in  a  general  way,  so 
far  as  total  digestible  nutrients  are  concerned,  that  the  Haecker  and 
Savage  data  tend  to  be  comparable  and  that  they  tend  to  average  10 
percent  high  of  the  Eckles  and  17  percent  high  of  the  Armsby  data. 
Stating  this  in  another  way,  we  find  that  the  tendencies  of  the  several 
standards  as  compared  with  each  other  are  as  follows : 


In  respei^t  to 
dii?ostible  pr<.»itMn 

Haecker  Low 

Savage High 

Eckles    High 

Armsby    Low 


In  respect  to 
total  digestible  nutrients 

High 

High 

Low 

Very  low 
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THE  LITERATURE  OF  MAINTENANCE  TRIALS  WITH 

DAIRY  CATTLE 

« 

In  lieu  of  presenting  at  the  close  of  the  bulletin  the  usual  bibli- 
ography, the  writer  has  thought  it  advisable  to  attempt  to  review  the 
literature  and  to  present  his  review  in  advance  of  the  discussion  of 
the  results  of  the  long  time  trials  which  are  set  forth  herewith.  It 
is  not  thought  that  the  list  is  exhaustive.  It  contains  no  reference  to 
work  reported  upon  during  the  past  two  years.  It  was  prepared  dur- 
ing the  summer  of  1920  and  no  opportunity  has  arisen  since  that  time 
which  permitted  its  further  extension  to  cover  literature  published 
during  1920-1922.  Access  has  not  been  had  to  the  reports  of  some 
studies  in  foreign  periodicals.  Furthermore,  while  a  reasonable  degree 
of  care  was  used  in  scanning  the  several  indices,  it  well  may  be  that 
some  titles  have  escaped  the  writer's  eyes.  However,  it  is  thought  that 
the  review,  such  as  it  is,  may  prove  helpfid  in  connection  with  the  work 

presented  in  the  bulletin. 

Many  metabolism  and  maintenance  trials  have  been  made  with  many 
classes  of  animals.  Atwater  and  Langworthy's*  monograph  (1898)  lists  and 
discusses  some  3,600  metabolism  trials,  including  therein  trials  with  19  cows 
and  158  with  steers.  None  of  the  trials  with  cows  dealt  with  the  matter  of 
maintenance  rations.  Armsby'  (1898)  reviews  the  literature  of  exact  experi- 
mentation as  to  the  maintenance  ration  of  cattle  up  to  the  date  of  issue  and 
sets  forth  the  results  of  eight  trials  made  by  him  between  1892  and  1897 
with  three  steers.  No  trials  with  cows  are  listed.  Again  in  1911'  he  dis- 
cusses  the  literature  of  such  trials  to  date  but  includes  therein  no  state- 
ments as  to  trials  with  cows.  However,  in  discussing  the  minimum  of  pro- 
tein for  farm  animals^  and,  in  another  publication^  the  nutritive  value  of 
non-proteins  in  feeding  stuffs,  he  cites  several  nitrogen  balance  and  metabo- 
lism trials  with  milch  cows. 

The  Experiment  Station  Record  indices  for  Vols.  I.-XII.  (1889-1901)  do 
not  list  maintenance  trials  with  cows.  However,  Hagemann's'  (1889)  arti- 
cles, dealing  with  "Investigations  on  the  Metabolism  of  Milch  Cows,"  discuss 
one  trial  in  which  the  nitrogen  balance  of  a  milch  cow  was  determined.  The 
indices  for  Vols.  XHI.-XXV.  (1901-1911)  and  Vols.  XXVI.  to  XLIII.  (1912 
to  date)  proved  somewhat  more  fruitful.  The  following  review  is  confined 
strictly  to  results  secured  with  cows: 


^"A   digest  of  metabolism   experiments   in   which   the  balance   of  income   and 
outgo  was  determined."     U.  S.  Dept.  Agrr.  Of.  Exp.  Sta.  Bui.  45   (rev.)    (1898). 
«"The  Maintenance  Ration  of  Cattle."     Pa.  Sta.  Bui.  42   (189S). 
»U.  S.  Dept.  Agr.  Bu.  An.  Ind..  Bui.  143,  pp.  39,  47.  89,  94   (1911). 
*Loc.  Clt.,  pp.  89-94. 

»U.  S.  D.  A.  B.  A.  I.,  B.  139.  pp.  38-44   (1911). 
«Exp.  Sta.  Rec.  10,  pp.  803-816,  903-916  (1899). 
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Haecker  (1900)  notes  the  varying  amounts  of  total  dry  matter  used  in 
the  maintenance  of  barren  non-mllklng  cows  differing  in  size  and  disposition, 
finding  the  usage  per  1,000  pounds  body  weight  to  range  from  10.8  pounds 
(for  a  restless,  discontented  cow  weighing  708  pounds)  to  12  pounds  (for  a 
quiet,  contented  cow,  relatively  fat,  weighing  1,079  pounds)  and  considers 
that  "in  hypothecating  a  common  factor  fis  food  of  maintenance  there  may 
be  introduced  an  element  of  error."  'Minn,  Bta.  Bui.  67 ^  p.  468  {1900) ;  Abstr. 
E,  S.  R.  12,  pp.  J,n-m  {1901). 

Marszalkowicz  holds  that,  provided  the  1,000-pound  cow  eats  a  sufficiency 
of  digestible  carbohydrates  and  0.6  pound  digestible  protein,  she  does  not 
need  more  than  0.0376  pound  of  digestible  protein  per  pound  of  milk  yield,  a 
considerably  lower  figure  than  is  suggested  by  any  American  student  of 
nutrition,  one  which,  furthermore,  takes  no  account  of  the  variations  in  the 
solid  contents  of  milk.  Ztschr.  Landw.  Yersucha.  Oaters.  11,  8,  pp.  669-700 
{1908);  Abstr.  E.  8.  R.  20,  p.  1074  {1909). 

Armsby  (1910)  in  discussing  the  utilization  of  feed  by  beef  cattle  in  the 
respiration  calorimeter,  points  out  "striking  contrasts  between  our  rations  and 
the  accepted  standards  (when  a  scrub  and  a  pure  breed  steer)  made  entirely 
satisfactory  gains  on  rations  where  digestible  protein  ranged  (for  a  scrub 
steer)  from  70  to  95  percent  of  the  formulated  requirements  of  the  dairy 
breeds  and  (for  a  pure  bred  steer)  from  50  to  70  percent  of  those  of  the 
beef  breeds."  He  further  and  significantly  says  that  "the  tendency  of  recent 
investigations  is  to  show  that  in  all  branches  of  feeding  the  minimum  protein 
requirement  has  been  considerably  exaggerated.  This  has  been  shown  to  be 
true  of  the  maintenance  requirement  and  of  the  requirement  for  milk  pro- 
duction, while  our  results  suggest  that  it  is  also  true  for  growth."  Penn, 
8ta.  Bui.  105,  pp.  21-22  {1910);  Ahstr.  E.  8.  R.  24,  pp.  4^8-470  {1911). 

Eckles  and  Reed  (1910-)  have  made  several  maintenance  studies  using 
dairy  cows.  In  one  of  these  trials  four  registered  Jerseys,  half-sisters,  were 
employed,  three  of  them  being  good  producers  and  one  inferior.  They  were 
fed  while  farrow  for  from  120  to  180  days  apiece.  Their  live  weights  were 
held  -essentially  uniform.  These  four  cows  consumed  daily  averages  of 
5,791,  5,534,  4,907  and  4,792  calories.  Three  of  the  cows  approximated  900 
pounds  in  weight,  the  fourth  800  pounds.  A  fifth  cow,  likewise  a  Jersey, 
averaging  to  weigh  about  750  pounds,  was  fed  a  ration  somewhat  lower  in 
digestible  protein — one  used  for  and  calculated  for  the  growing  and  fatten- 
ing of  steers.  The  four  cows  seem  to  have  received  the  following  daily 
average  amounts  of  digestible  protein  and  digestible  nutrients:  0.9,  6.71;  0.86, 
6.43;  0.75,  5.7;  0.75,  5.68. 

As  a  result  of  these  five  trials  of  maintenance  per  se,  the  authors  con- 
clude that  the  cows  they  had  under  experiment  conformed  in  their  usa^^e 
of  fat  closely  to  the  amounts  suggested  by  Armsby  and  Haecker  in  their 
average  maintenance  requirements  standards;  the  comparative  figures  on 
the  basis  of  therms  being:  Armsby's:  G  therms;  4  Jerseys,  6.08  therms. 
Haecker's:  calculated  to  therms,  8.42  therms;  4  Jerseys,  8.61  therms. 

The  first  four  cows  were  also  under  trial  while  in  milk,  each  being  kept 
under  observation  and  in  milk  for  a  full  year.  Their  average  daily  food 
usage  and  milk  solid  and  fat  yields  were  as  follows: 
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Digestible 
protein 

Total 
digestible 
nutrients 

Calories 

Milk 

Total 
solids 

Fat 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

3. 

3.35 
3.05 
1.89 

22.85 
25.5 
23.2 
14.25 

13,074 

14,613 

13,222 

8,24a 

18.6 

23.4 

16.5 

8.7 

2.72 
3.47 
2.55 
1.27 

1.02 
1.29 
1.01 
0.46 

The  digestible  protein  usage  of  three  of  the  four  cows  was  excessive, 
being  on  the  1,000-pound  basis  from  3.35  to  3.75  pounds  daily — amounts 
much  larger  than  are  suggested  by  any  standard  known  to  the  writer 
(J.  L.  H.)  for  cows  giving  relatively  small  amounts  of  milk. 

It  is  interesting  to  note  that  if  the  calories  used  for  maintenance  pur- 
poses be  subtracted  from  the  calories  used  while  in  milk,  the  almost  identical 
figures  are  secured,  if  one  calculates  the  number  of  calories  used  to  make 
a  pound  of  milk.  This  is  true  with  three  of  the  four  cows,  the  figures  being 
1:  392,  1:  288,  1:  504  and  1:  396.  In  short,  in.  three  cases,  including  the  in- 
ferior cow,  it  took  practically  390  calories  to  make  a  pound  of  milk.  Indeed 
the  authors  point  out  that  the  inferior  cow  used  more  of  her  somewhat 
restricted  ration  for  maintenance  purposes  and  that  when  this  amount  was 
deducted  from  the  total,  she  used  the  residue  of  her  food  intake  in  milk 
making  as  economically  as  did  two  of  her  half-sisters  and  more  economically 
than  did  one  of  them. 

It  is  further  interesting  to  note  that  this  inferior  cow,  shortly  after  the 
opening  of  her  next  lactation,  being  very  heavily  fed,  did  not  increase  her 
milk  yield;  that,  in  other  words,  her  low  yields  were  due  to  bovine  idiosyn- 
crasy and  not  to  restricted  rationing. 

The  digestion  trials  made  with  three  of  these  cows  while  on  mainte- 
nance and  again  while  on  a  full  milk  ration  and  giving  milk  seem  to  in- 
dicate that  digestion  coefficients  tend  to  range  higher  in  the  former  case 
than  in  the  latter.  The  authors  point  out  that  average  digestion  coefficients 
may  be  found  somewhat  high  for  use  with  heavily  fed  milch  cows.  Mo.  8ta. 
Rsch.  Bul8.  2,  ^,  5  {1910-1911);  Ahatr.  E.  8.  R,  24,  p.  76;  26,  pp.  -^75-^77  (1912). 

Eckles  (1916)  fed  6  cows  during  an  entire  gestation  period  on  rations 
found  to  be,  for  these  particular  animals,  exactly  maintenance  rations. 
These  animals  dropped  normal  sized  calves  and,  on  the  whole,  maintained 
weight;  indeed,  some  gained  in  weight 

The  author  points  out  the  small  amount  of  dry  matter  contained  in  the 
foetus  and  its  accompanying  ejecta.  He  further  indicates  the  possibility  of 
decreased  maintenance  calls  upon  the  food  upon  the  part  of  the  bovine 
mother,  due  to  her  more  quiet  life  during  pregnancy.  He  points  out  in 
brief  that  the  weight  of  the  calf  at  birth  is  not  ordinarily  influenced  by  the 
ration  received  by  the  animal  during  gestation  unless,  perchance,  the  ration 
be  decidedly  deficient  for  a  long  period  of  time  in  some  one  constituent. 
This  all  amounts  to  the  same  thing  as  saying  that  "the  amount  of  feed  re- 
quired to  develop  the  foetus  is  so  small  that  it  cannot  be  measured  by  weigh- 
ing the  animal  and  taking  weights  and  amounts  of  the  feed.  In  other 
words,  the  foetus  may  be  developed  on  a  maintenance  ration.  A  cow  in  pro- 
ducing about  200  pounds  of  milk  produces  as  much  dry  matter  and  of  much 
the  same  composition,  except  in  regard  to  ash  *  *  *  as  would  be  re- 
quired to  develop  the  foetus." 
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Trowbridge,  Moulton  and  Halgh  (1915)  found  in  studies  of  maintenance 
of  beef  cattle,  extending  over  several  years,  that  the  condition  of  the  animal 
seems  to  exert  no  effect  upon  the  cost  of  maintenance;  that  a  previous 
liberal  ration  tends  to  accentuate  the  cost  of  maintenance  per  se;  that  it  is 
least  in  the  spring,  greatest  in  the  winter  and  intermediate  in  summer  and 
fall;  that  increasing  age  tends  to  decrease  the  cost  of  maintenance  and  that 
in  a  long  continued  maintenance  trial  this  is  a  contributary  cause  to  the 
lowered  result;  that  increased  activity  augments  maintenance  costs;  that 
poor  thrift  and  high  maintenance  costs  seem  to  go  together;  and  that  the 
heavier  the  animal  the  greater  the  proportional  maintenance  costs  for  two 
reasons,  its  increased  weight  and  its  relatively  smaller  surface  area. 

It  seems  to  the  writer  (J.  L.  H.)  that  some  of  these  deductions  are 
likely  to  have  bearing  upon  and  should  be  borne  in  mind*  in  the  interpreta- 
tion of  the  results  of  the  long  continued  trials  reported  upon  in  this  bulletin. 
Mo.  Sta.  Rsch.  But  18  {1915),    Ahstr.  E.  8.  R,  33,  pp.  569-570  {1915), 

Hagemann  (1899)  calculates  the  foetal  draft  as  follows:  weight  of  calf 
88  lbs.  including  57  lbs.  water,  5^  lbs.  ash,  3%  lbs.  fat  and  22  lbs.  protein. 
Assuming  an  unchanged  daily  draft — obviously  an  unwarranted  assumption 
— and  284  days  gestation,  1^  oz.  protein  is  needed  each  day,  exclusive  of  the 
amount  needed  anabolically,  which  the  author  puts  at  20  percent,  making  the 
average  daily  draft  on  the  mother  equivalent  to  1%  oz.  It  is  stated  that 
this  is  about  the  draft  made  at  the  end  of  the  fourth  month  of  pregnancy 
and  constitutes  but  8  percent  of  the  total  amount  needed  directly  for  milk 
making  and  foetal  construction  by  a  cow  making  26^4  lbs.  milk.  The  draft 
in  the  form  of  foetal  fat  construction  would  be  about  2/10  of  an  ounce.  Exp. 
Sta.  Red,  10.  pp.  9U-915  {1899). 

Gavin  examined  1,421  records  with  a  view  of  determining  the  maximum 
day-yield  and  the  time  after  service  when  foetal  growth  affects  yield.  He 
finds  the  diminution  in  milk  yield  "very  rapid"  16  weeks  after  service.  Jour. 
Ap.  Set.  5,  5,  pp.  309  319  {1913);  Abstr.  E.  S.  R.  29,  p.  577  {1913). 

Evvard  (1912-1913)  fed  pregnant  sows  and  ewes  with  divers  rations 
including  straight  corn  meal  or  ear  corn  and  various  supplements  thereto. 
The  increase  in  protein  and  ash  in  certain  supplemented  rations  tended  de- 
cidedly to  increase  the  size  and  strength  of  the  newborn  pigs  and  to  produce 
stronger  and  larger  lambs.  Breeder^s  Gaz.  61,  7,  p.  395  {1912) ;  Amer.  Bdr9\ 
Assoc.  8,  pp.  5^9-5r)0  {1912);  Proc.  Iowa  Acad.  8ci.  20,  pp.  325-330  {1913). 
Ahstr.  E.  8.  R,  27,  p.  279  {1912);  28,  pp.  57 J,,  575  {1914);  29,  pp,  266-267 
{1915}. 

Russell  (1914)  estimates  that  the  pregnant  1,000-pound  cow  giving  an 
average  of  25  pounds  daily  will  need  approximately  2  ounces  of  lime  dally  for 
milk  and  foetus,  an  amount  supplied  by  the  hay  and  silage  (or  stover)  in  the 
amounts  ordinarily  eaten  but  not  supplied  by  straw.  An  animal  stinted  in 
its  lime  Intake  may  and  usually  does  make  draft  upon  the  body  supply  of 
calcium  up  to  20  or  more  percent.  Wis.  Sta.  Bui.  SJO,  p.  33  {19H);  Abstr, 
E.  8.  R.  31,  p.  86.i  {1915), 

Eckles  (1916)  in  the  introduction  to  his  bulletin  dealing  with  the  nu- 
trients required  to  develop  the  bovine  foetus  cites  considerable  literature 
dealing  with  the  studies  of  various  parties  in  connection  with  the  nutriment 
of  the  maternal  tissues  in  the  construction  of  the  foetuses  of  the  human. 
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guinea  pig,  rat  and  pig.  The  consensus  of  opinion  of  the  authors  quoted 
seems  to  be,  so  be  it  the  ration  is  reasonably  well  balanced  in  respect  both 
to  its  organic  and  inorganic  nutrients  and  in  respect  to  the  variety  of  the 
proteins  furnished,  that:  foetal  construction  does  not  seriously  tax  the  tissues 
of  the  mother;  that  in  accordance  with  one  investigator,  "the  nourishment 
of  the  mother  tissues  seems  to  take  precedence  over  the  nutrition  of  the 
fcetus";  in  accordance  with  another,  that  "gestation  does  not  represent  a  tax 
upon  the  mother  but  acts  as  a  stimulus";  in  accordance  with  the  statements 
of  another,  that  "during  the  earlier  stages  of  pregnancy,  the  influence  upon 
the  growth  of  the  mother  animal  is  favorable  and  a  more  energetic  metabo- 
lism induced."    Mo,  Rsch.  Bui.  26  (1916);  Ahstr.  E.  8.  R.  57,  pp.  71-72  (1916). 

Armsby  (1912)  discusses  at  length  the  protein  requirement  for  main- 
tenance. He  points  out  how  comparatively  small  Is  the  "amount  of  protein 
katabolized  in  the  fasting  animal  *  *  *  (which,  under  certain  circumstances, 
is)  absolutely  essential  to  the  vital  processes"  and  states  that  provided  the 
ration  furnishes  enough  carbohydrates  "a  supply  of  protein  equivalent  to 
the  fasting  protein  katabolism  is  sufficient  to  meet  the  needs  of  the  or- 
ganism" and,  again,  that  "the  protein  requirement  upon  a  mixed  ration  suffi- 
cient in  quantity  is  comparatively  small."  He  refers  to  the  oft-proved  fact 
that  increased  digestion  by  the  mature  animal  of  digestible  protein  in  excess 
of  this  irreducible  minimum  serves  in  the  main  simply  to  increase  protein 
katabolism,  the  excess  passing  from  the  body,  in  the  case  of  milking  animals, 
partly  in  the  milk  but  mostly  in  the  urine. 

He  cites  experimental  evidence  tending  to  prove  the  value  of  the  non- 
proteins for  maintenance  purposes,  their  lack  of  value  in  production,  and 
makes  cogent  statements  as  to  the  physiological  protein  minimums  and  the 
optimums.  He  indicates  as  a  minimum  from  0.4  to  0.6  pounds  per  1,000 
pounds  of  live  weight  for  all  classes  of  farm  animals  with  the  average  for 
cattle  at  the  upper  limit  with  a  0.1  to  0.2  pound  leeway  on  either  side;  and 
cites  here  and  in  another  bulletin  the  resi|Its  of  several  trials  with  dry  and 
with  milking  cows  as  to  their  protein  requirements.  He  qualifies  his  state- 
ment, however,  by  saying  that  "for  actual  maintenance  feeding  it  is  probable 
that  a  somewhat  more  liberal  supply  of  protein  than  is  indicated  would  be 
advisable"  on  the  ground  that  "the  digestion  of  the  non-nitrogenous  nutrients 
from  such  protein-poor  rations  would  be  apt  to  be  injuriously  affected." 

Touching  optimums,  the  most  advantageous  level  of  protein  nutrition, 
he  states  (referring  to  the  protein  requirements  of  the  mature  animals) 
that  "it  can  not  be  said  that  a  considerable  surplus  of  protein  over  the  mini- 
mum requirement  for  maintenance,  that  is,  the  maintenance  of  protein  nutri- 
tion on  a  high  plane,  has  been  proved  to  be  of  any  material  advantage  during 
periods  covering  several  months."  However,  he  states  that  long  continued 
low  protein  diets,  i.  e.,  for  years  or  generations,  might  result  in  impaired 
physical  condition  and  that  this  possibility  should  be  borne  in  mind.^  U.  8. 
Dept  Agr.,  Bu.  An.  Ind.,  Buls.  139,  pp.  S2-J^  (1911);  US,  pp.  S.9-//7,  7//-.S/, 
88-94,  97-99  (1912).    Ahstr.  E.  8.  R.  26,  pp.  71-72,  661,-665  (1912). 


*  The  results  secured   in   the  Vermont  trials  and   reported   In   bulletin    225  are 
significant  in  this  connection. 
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I  AND  II.     MAINTENANCE 
I.     Maintenance  for  Less  Than  12  Months 

Only  three  records  contribute  to  this  phase  of  the  study.  One  of 
these  records  (I.  3.)  is  of  little  value,  if  not,  indeed,  misleading  and 
another  (I.  2.)  is  badly  vitiated  by  the  loss  of  the  weight  data  as  set 
forth  on  pages  11-12. 

It  should  be  noted  that  in  all  the  comparisons  to  be  made  from 
this  point  onwards  in  the  bulletin  in  Sections  I  to  VIII,  inclusive,  where- 
in the  actual  food  consumption  in  terms  of  digestible  crude  protein  and 
total  digestible  nutrients  is  referred  to  statements  as  to  standards,  the 
Haecker,  Savage,  Armsby  (converted)  and  Eckles  (converted)  stand- 
ards are  intended.  Furthermore,  in  order  to  save  space  and  to  obviate 
the  wearisome  repetition  of  such  phraseology  as  "more  than  standards 
indicate,"  "less  than  standards  called  for"  and  the  like,  the  phraseology 
"excess  of"  or  "deficiency  of"  will  be  usually  employed — it  being  under- 
stood in  each  instance  that  reference  is  had  to  these  standards.  At 
times  when  there  is  need  to  refer  to  the  standards  in  table  captions, 
the  appropriate  initials  (H),  (S),  (A)  and  (E)  will  be  employed. 

I.  1.  Altje,  grade  Holstein,  12  years  old,  while  dry  and  barren 
was  fed  the  medium  protein  ration  for  93  days  from  February  5  to 
May  9,  1914.     Her  feeding  records  were  as  follows : 

Weeks      Hay  Silage        Grain  Weeks 


Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

10 

30 

2 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

10 

30 

4 

8  10  30  2  6 

She  ate,  as  compared  with  standards,  much  more  food  than  was 
needed,  as  appears  below: 


Digesti- 
ble 
protein 

Total 
digesti- 
ble 
nutrients 

DigesU- 
ble 
Weeks  protein 

Total 
digesti- 
ble 
nutrients 

Digesti- 
ble 
protein 

Total 
digesU- 

ble 
nutrients 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1.05 

10.25 

5         1.35 

11.6 

Ave.  1.15 

10.8 

Weeks 
8 

Her  excess  of  nutrient  intake  over  that  indicated  by  the  standards 
for  maintenance  ranged  from  +%  to  -f  %  for  digestible  protein  and 
from  +%o  to  +%  for  total  digestible  nutrients.  Her  average  live 
weights  for  successive  two-week  periods,  including  the  week  of  service, 
were:  1,177,  1,194,  1,214,  1,212,  1,238,  1,247,  1,249  pounds.  Her 
gain  in  live  weight  was  about  6  percent.  Altje  was  more  than  main- 
tained by  the  ration  which  she  received. 
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I.  2.  Nesbit,  grade  Jersey,  nine  years  old,  while  dry  and  barren, 
was  fed  the  high  protein  ration  for  178  days,  December  31,  1916  to 
June  26,  1917.     Her  feeding  record  follows : 

Weeks      Hay         Silage       Grain  Weeks      Hay         Silage       Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

2»A         10  21  3Vt  6  12  3.6 

Nesbit  was  fed  an  essentially  standard  maintenance  ration  during 
the  initial  three  weeks  of  this  particular  trial,  but  super-standard 
rations  when  grain  was  added.  During  the  last  period,  however, 
standard  feeding  conditions  were  more  nearly  approximated,  as  appears 
below : 

As  compared  with  standards 
H.,  S.,  etc.  A.,  E.   (conv.) 

Total  Total  Total 

Digestible    digestible       Digestible      digestible         Digestible     digestible 
Weeks         protein       nutrients  protein         nutrients  protein        nutrients 

lbs.  lbs.  %  %  %  % 

2Vt  0.6  7.8  —  14  —  2  +1  -|-20 

19  1.5  10.4  +114  +31  +152  +60 

3Vf  1.05  7.2  +50  —  9  +  77  +11 

Owing  to  the  loss  of  the  weight  records,  no  definite  statements 
can  be  made  as  to  the  effect  of  the  variation  in  feeding  upon  live 
weight.  Nesbit  probably  averaged  to  weigh  in  the  vicinity  of  960 
pounds. 

I.  3.  Karah,  after  five  years  of  service  in  these  trials,  went  dry 
while  barren  on  June  24  and  was  served  October  3,  1920.  She  was 
fed  the  low  protein  ration  for  101  days  while  dry  and  received  a 
bountiful  supply;  indeed,  her  nutrient  intake  was  as  liberal  as  that 
which  she  normally  would  receive  when  in  full  flow.  She  ate  20.3 
pounds  of  total  dry  matter;  1.3  pounds  of  digestible  protein;  13.1 
pounds  of  total  digestible  nutrients. 

In  explanation  of  this  anomalous  sort  of  feeding  it  may  be  said 
that  Karah  had  shrunk  greatly  in  live  weight  during  the  last  two 
months  of  her  previous  lactation,  her  average  weights  for  four  succes- 
sive four-week  periods  being  894,  899,  824,  819  pounds.  The  writer, 
otherwise  engaged,  failed  to  give  proper  oversight  to  what  was  going 
on  at  this  point;  and  the  bam  foreman  temporarily  in  charge  con- 
ceived it  to  be  his  particular  duty  to  restore  her  to  normality  in  respect 
to  her  physical  condition,  with  results  in  successive  four-week  periods 
as  follows:  840,  881,  901,  895,  920  pounds.  Thus  it  happens  that 
Karah's  so-called  maintenance  trial  became  really  not  a  maintenance 
but  a  fattening  period. 
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11.     Maintenance  for  Great  Lengths  of  Time,  in  Excess  of  12 

Months  and  Averaging  28  Months 

Twenty  different  cows  were  fed  for  from  396  to  2,701  days. 
Four  were  fed  approximately  400  days,  four  approximately  500,  two 
approximately  600,  one  approximately  700,  two  approximately  800, 
one  approximately  900,  one  approximately  1,000,  two  approximately 
1,100,  two  approximately  1,500  and  one  for  2,701  days.  Two  were 
registered  and  one  a  grade  Ayrshire,  four  were  grade  Holsteins  and  13 
were  grade  Jerseys.  They  weighed  on  the  average  from  820  to  1,295 
pounds  live  weight  and  averaged  nearly  1,000  pounds  apiece.  The 
mean  statement  as  to  their  food  usage,  per  1,000  pounds  live  weight, 
was:  Total  dry  matter,  10.88  pounds;  digestible  dry  matter,  6.88 
pounds;  digestible  protein,  0.84;  digestible  carbohydrates  and  fat,  6 
pounds. 

II.  1.  Altje,  grade  Holstein,  seven  years  old,  while  dry  and  bar- 
ren was  fed  the  medium  protein  ration  for  396  days,  December  10,  1908 
to  January  10,  1910.     Her  food  intake  was  essentially  as  follows: 

Weeks      Hay  Silagre  Grain  Weeks  Hay  Silage  Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

15  8.4  14.1  6.4  14  5.7  12.5  3.1 

14  6.2  12.6  4.  14  5.  10.  2.8 

14  6.  12.5  3.4  14  6.7  13.6  3.6 

Her  food  usage  and  the  comparison  thereof  with  standard  require- 
ments appear  below : 


Actual 

Per 

1,000  pounds  live 
weight 

% 
> 

i 

Nutrient    usa, 
±  as  comiHLn 
with    standan 

ge 
ed 

u 

u 

0) 

•tiJ 
♦J 
OS 

g 

t 

■«-• 
00 

5 

B 

% 

u 

CO 

5 

Digestible  carbohy- 
drates and  fat 

Total  digestible 
nutrients 

6 

•3 

4-» 
O 

u 
« 

& 

s 

•♦-» 
CO 
<0 

bo 
5 

c 

<V 

o 

p. 

« 

bo 

5 

Digestible  carbohy- 
drates and  fat 

Total  digestible 
nutrients 

ds 

H.  S. 

A.  E. 

H.  S 

.  A.E. 

P 

S5 

m 

% 

t  C 

k 

"35 

lbs. 

lbs.      lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.    lbs.    lbs. 

lbs. 

% 

<> 

Preceding  \ 

service 

15       16.9 

10.9     1.45 

9.35 

10.8 

13.4 

8.7 

1.1     7.5     8.6 

1,257 

+57 

+85 

+  9 

+33 

14       13. 

• 

8.4     1.1 

7.25 

8.35 

10. 

6.5 

0.85  5.5     6.4 

1.289 

+21 

+43 

—19 

0 

14       11.9 

7.7     1.1 

6.4 

7.5 

9. 

5.8 

0.85  4.9     5.8 

1,305 

+21 

+43 

—27 

—11 

14 
Ave. 

10.4 

6.7     1. 

5.6 

6.6 

7.8 

5.1 

0.75  4.2     5. 

1,329 

+  7 

+26 

—36 

*>•* 

13.15 

8.5     1.15 

7.2 

8.4 

10.15 

6.55 

0.89  5.55  6.5 

1,295 

+29 

+50 

—18 

+  1 

Standards: 

Haecker,  £ 

Savage 

!,  mod 

iified 

Wol«f-LehE 

oann. 

Won- 

Humt 

►hrey 

0.7              7.93 

1,000 

Standards: 

Armsby,  E 

Sckles 

(com 

rerted 

) 

0.595          6.48 

1,000 

Succeeding 

service 

14          9.3 

6.      0.8 

5. 

5.8 

7.1 

4.6 

O.C     3.8     4.4 

1,312 

—14 

+  1 

—43 

—31 

14 

12.7 

8.2     1.05 

7. 

8.05 

>     9.4 

6.1 

0.8     5.2     5.95 

1,352 

+14 

+34 

—24 

—  7 
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First  period.  Altje  ate  %  to  %  excess  of  digestible  protein  but 
her  total  digestible  nutrient  intake  was  from  Ko  to  %  deficient.  She 
gained  5  percent  in  live  weight. 

Second  period.  She  ate  %  to  %  excess  of  digestible  protein  and 
her  total  digestible  nutrient  intake  was  from  0  to  %  excessive.  She 
maintained  an  essentially  unchanged  weight  throughout  the  period. 

Third  period.  She  ate  %  to  %  excess  of  digestible  protein  but 
her  total  digestible  nutrient  intake  was  from  %o  to  1/4  deficient.  She 
gained  1  percent  in  live  weight  and  held  her  gain. 

Fourth  period.  She  ate  M4  to  ^4  excess  of  digestible  protein 
but  her  total  digestible  nutrient  intake  was  from  %  to  %  deficient. 
She  gained  1  percent  over  her  weight  at  the  end  and  2  percent  over 
her  average  weight  during  the  preceding  period,  weighing  6  to  8  per- 
cent more  than  at  the  outset. 

Average.  She  ate  %o  to  1^  excess  of  digestible  protein  but  her 
total  digestible  nutrient  intake  was  from  0  to  %  deficient;  and  she 
gained  8  percent  in  live  weight. 

Altje  seemed  none  the  worse  for  her  400  days  of  somewhat  re- 
stricted diet.  Indeed,  following  service,  she  was  fed  a  yet  lower  ration 
for  100  days  {fifth  period)  in  which  digestible  protein  was  lacking  to 
the  extent  of  from  0  to  ^4  and  total  digestible  nutrients  were  %o  to  % 
short ;  yet  she  dropped  only  1  percent  in  weight.  During  the  next  100 
days  {sixth  period)  her  food  intake  closely  approximated  that  of  the 
second  period,  i.  e.,  %  to  %  excess  of  digestible  protein,  but  Yxa  to  % 
deficiency  of  total  digestible  nutrients;  and  she  gained  in  weight  as 
was  to  be  expected,  since  she  was  in  mid-gestation.  She  aborted  at 
6^/2  months,  yet  she  gave  during  the  succeeding  year  almost  10,000 
pounds  of  milk  and  327  pounds  of  fat.  She  remained  in  the  trials  for 
five  more  years,  doing  good  service. 

II.  2.  Bontje,  grade  Holstein,  eight  years  old,  was  fed  the  low 
protein  ration  for  477  days,  March  29,  1910  to  July  15,  1911.  She 
was  overfed  during  the  first  quarter  and  underfed  during  the  last 
three-fifths  of  the  trial,  as  judged  by  the  standards.  Her  feeding 
record  was  as  follows : 
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lbs. 

lbs. 

lbs. 
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4.2 
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14 
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4. 

5 

4. 

12.5 

3. 

9 

12. 

12.5 

3. 

9 

8. 

12.5 

3. 

23 

7. 

12.5 

3. 
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The  statement  as  to  feeding,  live  weights,  comparisons  with  stand- 
ards, arranged  as  in  the  case  of  Altje,  follows : 
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First  period.  Bontje  ate  during  4  weeks  %o  to%  excess  of  digesti- 
ble protein  and  %  to  %  excess  of  total  digestible  nutrients  and  gained 
3  percent  in  live  weight.  She  had  been  subjected  to  a  very  low  food 
intake  immediately  preceding  this  period. 

Second  period.  She  ate  during  14  weeks  %  to  91  o  excess  of 
digestible  protein  and  %  to  %o  excess  total  digestible  nutrients.  She 
gained  very  rapidly  in  live  weight  throughout  the  14  weeks,  averaging 
a  17  percent  gain  over  the  medial  weight  of  the  preceding  period. 

Third  period.  She  ate  during  nine  weeks  %o  to  %  excess  of 
digestible  protein  and  Yiq  to  %  excess  of  total  digestible  nutrients. 
She  gained  2  percent  in  live  weight  during  the  period  and  6  percent 
over  the  medial  weight  of  the  preceding  period. 

Fourth  period.  She  ate  during  23  weeks  closely  standard  amounts 
of  digestible  protein,  i.  e.,  from  Y^^  deficiency  to  %o  excess,  while  her 
intake  of  total  digestible  nutrients  was  deficient  by  from  %4  to  \^, 
Yet,  notwithstanding,  she  gained  4  percent  in  live  weight  during  the 
period  and  2  percent  over  the  medial  weight  of  the  preceding  period. 
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Fifth  period.  She  ate  during  18  weeks  from  14  to  %  less  digesti- 
ble protein  and  from  %o  to  %  less  total  digestible  nutrients  than  stand- 
ards indicated ;  and  she  dropped  2  percent  in  live  weight  at  the  outset 
and  5  percent  at  the  close  of  the  period  as  compared  with  her  average 
weight  at  the  close  of  the  preceding  period.  However,  she  lost  only 
1  percent  in  live  weight  if  one  compares  the  average  of  the  entire 
period  18  weeks  long  with  the  average  live  weight  during  the  preceding 
23  weeks. 

Average.  She  ate  from  %6  to  i/4  excess  of  digestible  protein  but 
her  total  digestible  nutrients  intake  was  deficient  by  %4  according  to 
one  and  excessive  by  %  according  to  another  standard,  and  she  gained 
more  than  Ko  i^^  live  weight. 

Following  service.  Sixth  period.  During  the  first  five  weeks  she 
ate  %  to  %o  less  digestible  protein  and  34  to  %  less  total  digestible 
nutrients  than  the  standards  indicated  and  maintained  an  unchanged 
weight. 

Seventh  period.  During  the  ensuing  nine  weeks  to  the  close  of 
the  first  third  of  gestation  her  food  intake  was  deficient  0  to  %  in 
digestible  protein  and  0  to  Yq  in  total  digestible  nutrients;  yet  she 
gained  2  percent  in  live  weight. 

Bontje  calved  normally  at  full  time  and  during  the  ensuing  10 
weeks  averaged  40  pounds  of  milk  a  day.  She  continued  in  good 
health  for  four  years  more. 

II.  3.  DuRTjE,  grade  Holstein,  six  years  old,  was  fed  the  high 
protein  ration  for  408  days,  December  3,  1908-January  15,  1910.  Her 
records  during  16-,  9-,  17-  and  16-week  periods  prior  to  service  and 
during  14-,  4-  and  9-week  periods  subsequent  to  service  appear  below. 
Her  feeding  record  was  essentially  as  follows : 
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4. 
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5.7 

14.4 

3. 
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Her  food  intake  anc 

1  comparison  data  follow : 
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First  period.  She  ate  during  16  weeks  %o  to  %  excess  of  digesti- 
ble protein,  and  0  to  Vi  excess  of  total  digestible  nutrients,  and  gained 
7  percent  in  live  weight. 

Second  period.  She  ate  during  9  weeks  %o  to  %  excess  of  digesti- 
ble protein  but  her  total  digestible  nutrient  intake  was  deficient  by 
Yq  to  l^.  She  gained  2  percent  in  live  weight  on  the  average  as  com- 
pared with  the  average  of  the  preceding  period,  losing,  however,  2 
percent  in  live  weight  during  the  course  of  the  period. 

Third  period.  She  ate  during  17  weeks  an  excess  of  % 4  to  V4 
digestible  protein  but  her  total  digestible  nutrient  intake  was  deficient 
by  from  Vi  to  %.  She  lost  3  percent  in  live  weight  on  the  average 
as  compared  with  that  of  the  former  period  and  2  percent  during  the 
period,  weighing  at  its  close  7  percent  less  than  she  did  six  months 
previous  at  the  close  of  her  16-week  period,  during  which  she  ate 
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double  the  standard  amount  of  digestible  protein  and  a  full  standard 
ration  of  total  digestible  nutrients. 

Fourth  period.  The  cow  ate  during  16  weeks  a  ration  similar  in 
all  respects  to  that  eaten  in  the  second  period  (+%o  to  +%,  — %  to 
— %)  and  gained  5  percent  in  live  weight  during  the  four  months, 
averaging  at  the  end  of  the  period  a  1  percent  gain  in  live  weight  over 
the  average  of  the  preceding  period. 

Average,  Her  average  food  intake  was  %  to  %  excessive  in 
respect  to  digestible  protein  but  Yiq  to  14  deficient  in  respect  to  its 
total  digestible  nutrient  content.  She  maintained  a  reasonably  uniform 
live  weight. 

Following  service.  Fifth  periods  She  ate  during  14  weeks  a 
ration  closely  similar  in  all  respects  to  that  eaten  in  the  third  period 
(-|-%  to  +%,  — Y4,  to  — %)  and  had  dropped  2  percent  in  live  weight 
at  its  close  but  gained  1  percent  during  the  period  as  compared  with 
its  predecessor. 

Sixth  and  seventh  periods.  Increased  yet,  according  to  standards, 
insufficient  food  supplies  (+%o  to  +%,  0  to  — %o)  and  advancing 
gestation  naturally  caused  consistent  increments  in  live  weights. 

Durtje  calved  normally,  gave  approximately  8,700  pounds  of  milk 
and  318  pounds  of  fat  during  the  following  year  and  remained  on 
service  in  the  trial  for  two  years  following  the  close  of  the  maintenance 
test  when,  losing  half  her  udder,  she  was  discarded. 

II.  4.  Hazel  K.,  grade  Jersey,  five  years  old,  remained  dry  and 
farrow  for  502  days,  July  14,  1908-November  28,  1909.  She  was  fed 
the  low  protein  ration.  Her  records  as  to  food  intake  and  her  live 
weights  are  shown  in  the  following  table.  During  the  three  weeks 
immediately  following  her  drying  off  she  was  fed  16  to  19  pounds  of 
hay  daily  but  no  silage  or  grain.     Her  feeding  record  was  as  follows : 
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Her  food  intake  and  comparison  data  follow: 
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First  period.  Hazel  K.  ate  during  15  weeks  %  to  %  excess  of 
digestible  protein  and  %  to  %  excess  of  total  digestible  nutrients.  She 
held  her  weight  at  an  essentially  constant  figure.  Notwithstanding  her 
relatively  high  food  intake,  she  shrank  in  live  weight  as  compared  with 
her  average  weight  during  the  10  weeks  of  lactation  immediately 
preceding  drying  off  when  she  ate  %  less  food  and  weighed  4  percent 
more.  This  anomalous  result  seems  more  remarkable  when  one  notes 
her  increase  in  weight  when  fed  a  more  restricted  ration  during  the 
second  and  third  periods. 

Second  period.  She  ate  during  19  weeks  %  to  %  excess  of 
digestible  protein  and  from  0  to  %  excess  of  total  digestible  nutrients : 
and  yet,  notwithstanding  this  lessened  food  intake,  she  promptly  in- 
creased in  live  weight  and  maintained  the  same  on  a  consistently  higher 
plane  for  27  weeks  on  the  lowered  ration  than  she  had  on  the 
more  liberal  one.  At  no  time  did  she  seem  off  feed,  in  ill  health,  or 
in  any  wise  abnormal  during  either  period.  Her  average  gain  in  live 
weight  during  the  second  period  amounted  to  6  percent. 

Third  period.  She  ate  during  8  weeks  a  ration  deficient  in  re- 
spect to  digestible  protein  by  from  %  to  %o  2ind  in  respect  to  total 
digestible  nutrients  by  ^/J  to  %^  yet  she  gained  2  percent  in  weight  as 
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compared  with  her  average  live  weight  during  the  19  weeks  of  standard 
or  better  than  standard  feeding.  However,  she  began  to  drop  a  little 
in  flesh  during  the  latter  half  of  the  period. 

Fourth  period.  She  ate  during  11  weeks  a  ration  deficient  in 
respect  to  digestible  protein  by  ^  to  %  and  in  respect  to  total  digesti- 
ble nutrients  by  %  to  i/^ ;  and  she  lost  weight  consistently,  dropping 
more  than  5  percent  during  the  course  of  the  period  and  4  percent  on 
the  average. 

Fifth  period.  She  ate  during  16  weeks  a  little  more  than  during 
the  third  period,  the  shortages  in  digestible  protein  and  in  total  digestible 
nutrients  being,  respectively,  %  to  %o>  /lo  *o  %•  She  maintained  her 
live  weight  fairly  well  for  12  weeks  but  dropped  slightly  during  the 
last  four  weeks,  losing  1  percent  as  compared  with  the  former  average. 

Average.  Her  food  intake  was  0  to  %  in  excess  in  respect  to 
digestible  protein  and  0  to  %  deficient  in  respect  to  total  digestible 
nutrients ;  and  she  gained  3  percent  in  live  weight. 

Following  service.  Sixth  period.  During  the  first  half  of  gesta- 
tion her  ration  was  short  of  standard  requirements  by  0  to  ^  digesti- 
ble protein  and  ^io  to  i/4  in  total  digestible  nutrients;  but  she  gained 
somewhat  in  weight,  as  was  to  be  expected,  and  averaged  to  weigh 
essentially  the  same  as  during  the  average  of  the  preceding  27  weeks. 

Seventh  period.  During  the  latter  half  of  gestation  she  ate  a 
ration  furnishing  an  essentially  standard  digestible  protein  content  for 
mere  maintenance  ( — %4  to  +Ko)  but  short  from  0  to  %  in  its  total 
digestible  nutrient  content;  yet  she  increased  in  weight — as  was  to  be 
expected — and  she  calved  normally  at  full  time,  dropping  a  healthy 
and  full  sized  bull  calf. 

Hazel  K.  yielded  during  the  succeeding  year  nearly  5,650  pounds 
of  milk  and  302  pounds  of  fat  and  continued  doing  good  service  in 
these  trials  for  more  than  five  years. 

n.  5.  Jane,  grade  Jersey,  five  years  old,  was  fed  while  dry  and 
farrow  for  424  days  from  July  9,  1908  to  September  7,  1909,  the  high 
protein  ration  being  used.  Her  record  as  to  food  intake  and  live 
weights  is  shown  in  the  subjoined  table.  Her  feeding  record  before 
and  after  service  was  as  follows: 
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0.4 

6 

3. 

7. 

2. 

17 

4.3 

8.9 
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8 

3. 

6. 

2. 

9 
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2. 
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3. 

7. 

2. 
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Her  food  intake  and  comparison  data  follow : 
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*Live  weights  not  made. 

First  period.  Jane  ate  during  14  weeks  nearly  or  quite  thrice  as 
much  digestible  protein  as  and  from  ^  to  Y^  more  total  digestible 
nutrients  than  standards  called  for ;  yet,  notwithstanding  her  large  food 
intake,  she  barely  held  her  own  in  respect  to  live  weight,  averaging  to 
weigh  just  what  she  averaged  during  the  last  two  months  of  lactation 
when  she  was  receiving  the  same  food  intake. 

Second  period.  She  ate  during  17  weeks  from  %  excess  to  a 
little  more  than  twice  as  much  digestible  protein  as  she  needed,  but 
barely  enough  total  digestible  nutrients,  — 34o  to  +%.  sind  gained  4 
percent  in  live  weight.  In  other  words,  she  did  not  gain  in  live  weight 
when  overfed  and  did  gain  when  fed  a  considerably  lessened  ration 
supplying  barely  maintenance  needs. 

Third  period.  She  ate  during  9  weeks  3?  to  V3  excess  of  digesti- 
ble protein,  but  her  total  digestible  nutrient  intake  was  from  ^4  to  -5 
deficient ;  yet  she  gained  5  percent  in  live  weight  as  compared  with  the 
average  of  the  preceding  period  .and  6  percent  in  live  weight  during 
the  period. 


The  Maintenance  Requirements  of  Dairy  Cattle         43 

Fourth  period.  She  ate  during  8  weeks  from  K2  to  %  less 
digestible  protein  and  from  %  to  $^  less  total  digestible  nutrients 
than  standards  call  for;  yet  she  held  her  live  weight  on  the  whole, 
falling  oflF  slightly  towards  the  close  of  the  period. 

Fifth  period.  She  ate  during  6  weeks  from  %o  to  %  excess  of 
digestible  protein  but  her  total  digestible  nutrient  intake  was  deficient 
by  from  %  to  %;  yet  notwithstanding  this  increase  in  food  intake, 
she  lost  4  percent  in  live  weight. 

Average,  She  ate  from  %  to  twice  as  much  digestible  protein  as 
she  needed  and  not  far  from  standard  amounts  of  total  digestible  nutri- 
ents, — %4  to  +%  J  a^d  gained  6  percent  in  live  weight. 

Following  service.  Sixth  period.  She  ate  during  6  weeks  ^ 
to  Ys  excess  digestible  protein  but  her  total  digestible  nutrient  intake 
was  deficient  by  Yz  to  Yj.  She  gained  1  percent  in  live  weight  as  com- 
pared with  the  average  of  the  preceding  period,  but  4  percent  during 
the  course  of  the  six  weeks. 

Seventh  period.  She  ate  during  8  weeks  practically  standard 
amounts  of  digestible  protein  for  mere  maintenance,  — ^  to  -{-Yio 
but  from  %  to  %  too  little  total  digestible  nutrients  and  gained  2  per- 
cent in  live  weight. 

Eighth  period.  She  ate  during  16  weeks  from  YiA  to  %  excess 
of  digestible  protein  but  her  total  digestible  nutrient  intake  was  from 
Yz  to  %  deficient  for  mere  maintenance.  Her  ration  closely 
resembled  that  furnished  during  the  sixth  period.  She  gained  3 
percent  in  live  weight  as  was  to  be  expected., 

Jane  calved  normally  two  months  after  the  close  of  the  eighth 
period,  dropping  an  average  sized  and  healthy  Jersey  calf.  She  gave 
during  the  succeeding  year  7,424  pounds  of  milk  and  403  pounds  of 
fat  and  did  laudable  service  in  these  trials  for  three  more  years. 

II.  6.  Sabra,  grade  Jersey,  six  years  old,  was  fed  the  medium 
protein  ration  while  dry  and  farrow  for  426  days  from  July  12,  1908  to 
September  13,  1909.  Her  record  as  to  food  intake  and  live  weights 
appears  below.  Her  feeding  record  before  and  after  service  was  as 
follows : 
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Her  food  intake  and  comparison  data  follow : 
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First  period,  Sabra  ate  during  17  weeks  from  %  to  %  excess  of 
digestible  protein  and  from  %  to  f^  too  much  total  digestible  nutrients. 
She  maintained  her  live  weight  without  material  change  during  the 
first  two-thirds  of  the  period,  then  increased  it  very  rapidly,  gaining 
9  percent  oyer  her  initial  weight. 

Second  period.  She  ate  during  17  weeks  %  to  %  excess  of 
digestible  protein  but  from  %4  too  little  to  %  too  much  total  digestible 
nutrients.  She  dropped  off  a  little  in  live  weight  at  the  outset  but 
quickly  regained  what  she  lost  and  continued  to  increase  in  live  weight 
until  at  the  close  of  the  period  she  weighed  6  percent  more  than  the 
mean  of  the  preceding  period. 

Third  period.  She  ate  during  8  weeks  from  %4  to  ^  more 
digestible  protein  but  from  %  to  %  less  total  digestible  nutrients  than 
standards  called  for;  and  she  maintained  her  live  weight  almost  un- 
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changed  as  compared  with  that  of  the  previous  8  weeks,  indeed,  gain- 
ing 2  percent. 

Fourth  period.  During  17  weeks  her  food  intake  was  deficient 
K 2  to  %  in  digestible  protein  and  %o  to  %  in  total  digestible  nutrients; 
and  she  fell  off  rapidly  in  live  weight,  losing  3  percent  during  the  first 
half  and  2  percent  more  during  the  second  half  of  the  period,  averaging 
a  5  percent  loss  as  compared  with  the  previous  period. 

Average.  She  ate  from  %o  to  %  more  digestible  protein  than 
needed,  but  closely  standard  amounts  of  total  digestible  nutrients, 
— H2  to  +% ;  and  she  gained  4  percent  in  live  weight. 

Following  service.  Fifth  period.  She  was  fed  during  11  weeks 
a  diet  which  was  lacking  by  from  0  to  %  in  digestible  protein  and  from 
%  to  %  in  total  digestible  nutrients  for  mere  maintenance  purposes. 
She  gained  in  live  weight  at  the  outset  but  quickly  lost  the  gains,  being 
at  low  tide  during  the  last  month  of  the  period. 

Sixth  period.  She  was  then  fed  for  19  weeks  a  ration  similar  to 
that  fed  during  the  third  period,  carrying  K4  to  %  excess  of  digestible 
protein  and  %  to  %  deficiency  in  total  digestible  nutrients.  Although 
advancing  in  gestation  and,  at  the  end  of  the  period,  three- fourths 
way  on  towards  calving,  she  did  not  increase  much  in  live  weight; 
indeed  she  shrunk  as  compared  with  the  former  period,  her  average 
weights  for  successive  six-week  sub-periods  being  920,  935,  and  944 
pounds.  She  aborted  at  eight  months,  weighing  but  976  pounds.  She 
remained  in  good  health  for  four  more  years  and  was  then  sold. 

The  following  table  sets  forth  the  general  outcome  for  the  six 
cows  for  which  completed  records  are  in  hand  as  set  forth  on  the  pre- 
ceding pages. 
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What  became  of  these  cows?    Was  their  future  usefulness  im- 
paired by  low  feeding? 

1.  Altje.     Aborted  at  six  and  one-half  months;  remained   for 
five  more  years  in  good  health  and  producing  well. 

2.  Bontje:  Calved  normally;  remained  for  four  more  years  in 
good  health  and  producing  well. 

3.  Durtje:  Calved  normally;  remained  for  two  more  years  in 
good  health  and  producing  well ;  lost  half  her  udder  and  was  discarded. 

4.  Hazel  K. :  Calved  normally ;  remained  for  five  years  in  good 
health  and  producing  well. 

5.  Jane:  Calved  normally;  remained  for  three  years  in  good 
health  and  producing  well. 

6.  Sabra :  Aborted  at  eight  months ;  remained  for  four  years  in 
good  health  and  producing  well. 

II.  7-20.  The  theft  of  the  live  weight  record  books,  1914  to 
1917  (pp.  11-12),  greatly  curtailed  the  writer's  opportunity  to  discuss 
the  results  secured  during  the  study  of  maintenance  per  se.  In  no  other 
section  of  the  work  reported  upon  in  this  bulletin  was  so  great  damage 
done ;  in  fact  in  no  other  section  was  very  serious  damage  done.  The 
records  made  by  14  cows  can  only  be  used  in  the  most  general  way. 
These  cows  were  fed  while  dry  and  unserved  for  long  periods  of  time, 
ranging  from  537  to  no  less  than  2,701  days.  It  should  be  said,  how- 
ever, that  the  scheme  of  the  trial  did  not  contemplate  these  very  pro- 
longed terms  of  feeding  except  in  the  case  of  Lanta ;  but  the  best  laid 
plans  of  mice  and  men  often  go  awry,  and  so  in  these  cases.  Barren- 
ness was  a  most  exasperating  factor,  serving  to  limit  the  work  between 
1914  and  1918.  All  the  cows,  except  Lanta,  were  repeatedly  served 
but  to  no  avail. 

Full  records  as  to  food  uses  are  in  hand  for  all  the  animals.  The 
cows  had  been  in  use  prior  to  or  subsequent  to — or  both — ^the  mainte- 
nance trials  as  such.  Live  weights  had  been  taken  twice  or  thrice 
weekly,  extending  in  some  cases  over  a  long  series  of  years,  and  these 
are  in  hand.     Many  wearisome  hours  were  devoted  to  a  most  careful 
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study  of  these  weight  records  made  prior  to  or  subsequent  to  1917. 
These  data  were  gone  over  thrice  independently.  As  a  result  of  this 
careful  study,  hypothetical  average  live  weight  figures  have  been 
adopted  for  use  in  connection  with  the  records  of  each  of  these  14  cows, 
the  final  result  in  each  case  being  the  average  three  computations  of  the 
same  data  made  independently.  Furthermore,  in  case  a  given  result 
varied  materially  from  the  other  two  the  data  were  again  re-surveyed 
with  a  view  of  determining  whether  errors  of  computation  had  been 
made  or  faulty  judgment  had  affected  the  result.  It  is  the  writer's 
opinion  that  in  no  case  does  a  hypothetical  average  live  weight  figure 
vary  materially  from  the  real  but  unknown  average  live  weight ;  that  is 
to  say,  the  actual  average  live  weight  for  the  entire  duration  of  feeding 
treated  as  a  unit.  And  there  is  this  to  be  said,  that  no  animal,  except 
Lanta,  passed  out  of  the  trials  at  their  end  in  a  seriously  depleted  con- 
dition. Of  course  some  of  the  so-called  "plungers"  when  at  the  nadir 
of  their  nutrient  intakes  were  sorry  looking  individuals,  but  this  was 
usually  a  temporary  situation.  Lanta,  kept  in  the  barn  for  89  months 
dry  and  barren,  toiled  not  neither  did  she  spin,  yet  was  gaunt  and 
unthrifty  at  the  close  of  her  long  confinement. 

It  would  seem,  therefore,  that,  notwithstanding  the  lamentable  gap 
in  the  records  made  by  the  theft,  the  data  possess  considerable  value, 
if  for  no  other  reason  because  of  their  volume.  All  this  has  been 
already  said  on  page  12;  but  is  now  said  again  in  order  to  state  the 
facts  in  connection  with  this  especially  large  usage  of  the  impaired 
data. 

The  next  table  sets  forth  the  names  of  these  14  cows,  their  ages 
at  the  time  each  entered  upon  this  particular  trial,  the  number  of  days 
during  which  they  were  fed,  their  hypothetical  average  live  weights — 
secured  as  above  indicated — the  nature  of  the  grain  rations  which  were 
fed,  their  average  nutrient  intakes,  actual  and  per  1,000  pounds  live 
weight,  and,  finally,  the  increase  or  decrease  as  the  case  may  be  in  the 
intakes  of  digestible  proteins,  carbohydrates  and  fat  and  total  digestible 
nutrients  as  compared  with  standards,  expressed  as  percentages. 
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These  14  records  seem  to  fall  naturally  into  four  groups  of  8,  2, 
2,  and  2. 

I.  Dell  R.,  Effa,  Evelyn,  Lanta  2nd,  Mary,  Nesbit,  Karah  and 
Lanta  were  underfed.  They  ate  rations  which  in  respect  to  digestible 
protein  ranged  from  %  excess  to  %  deficiency  and  in  respect  to  total 
digestible  nutrients  from  0  to  %  deficiency. 

II.  Fizzy  and  Vinegar  ate  from  ^^  to  %  more  digestible  pro- 
tein than  seemed  necessary  but  from  0  to  %  less  total  digestible  nu- 
trients. 

III.  Augusta  and  Isadore  ate  from  %  to  %o  more  digestible 
protein  and  from  0  to  ^4  niore  total  digestible  nutrients  than  seemed 
necessary. 

IV.  Hepsy  and  Mab  were  greatly  overfed,  consuming  from 
%  to  %  excess  of  digestible  protein  and  from  %  to  %  excess  of  total 
digestible  nutrients. 

In  the  next  table  an  attempt  is  made  to  segregate  the  periods  of 
diverse  feeding  of  10  of  these  cows.  Evelyn,  Mary,  Lanta  and  Lanta 
2nd  were  intentionally  fed  in  very  variable  fashion,  sometimes  greatly 
overfed,  sometimes  almost  cruelly  underfed,  so  that  these  records  can 
not  be  thus  calculated.  These  four  cows  constituted  the  so-called 
"plungers."  The  average  amounts  of  hay,  silage— sometimes  soiling 
crops  or  apple  pomace  in  part  replaced  silage — ^and  grain  fed  per  week, 
and  the  average  daily  intake  in  terms  of  total  dry  matter,  digestible  dry 
matter,  digestible  protein,  digestible  carbohydrates  and  fat  and  total 
digestible  nutrients,  are  stated.  It  will  be  observed  that  while  fluctua- 
tions in  feeding  occurred,  which  doubtless  were  reflected  in  varying  live 
weights,  the  trend  in  group  I  was  considerably  to  underfeed,  in  group 
II  somewhat  to  underfeed,  in  group  III  to  somewhat  to  overfeed  and  in 
group  IV  greatly  to  overfeed. 
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The  following  table  sets  forth  the  salient  features  of  the  results 
secured  with  these  four  groups : 

Comparison  with  standards 

Fed  on  Total 

the  average  Diffestlble  digestible 

for  protein  nutrients 

%              %  %             % 

I.    Underfed 8  cows      42      mos.      —  7  to  -h    9  — 11  to  — 27 

II.    Underfed 2  cows      23      mos.      +22  to  4-  43  0  to  — 18 

III.    Well  fed   2  cows      24%  mos.      +49  to  +  77  +  1  to  +24 

IV.    Greatly  overfed..       2  cows      18      mos,      +86  to  +119  +39  to  +70 

What  happened  to  these  cows  following  their  long  periods  of 
service  in  these  maintenance  trials  ? 

Group  I.  Considerably  underfed.  Dell  R,  Dry  for  three  years, 
barren,  otherwise  in  good  condition,  withdrawn.  Effa.  Dry  for  nearly 
three  years,  barren,  otherwise  in  good  condition,  withdrawn.  Evelyn. 
Dry  for  over  four  years,  barren,  otherwise  in  good  condition,  with- 
drawn. Lanta  2nd.  Dry  over  four  years,  barren,  otherwise  in  good 
condition,  withdrawn.  Mary.  Dry  over  three  years,  barren,  other- 
wise in  good  condition,  withdrawn.  Nesbit.  Dry  two  years,  served, 
conceived,  aborted  at  eight  months,  in  somewhat  poor  condition  (1921). 
Karah.  Dry  two  and  a  half  years,  served,  conceived,  calved  normally, 
now  (1921)  in  good  condition.  Lanta.  Designedly  kept  dry,  unserved 
for  nearly  seven  and  a  half  years. 

Group  11.  Somewhat  underfed.  Fizzy.  Dry  for  more  than  two 
years,  died  (accident).  Vinegar.  Dry  one  and  a  half  years,  oflF  feed, 
sick,  died. 

Group  III.  Somewhat  overfed.  Augusta.  Dry  for  two  and  a 
half  years,  served,  conceived,  aborted  at  eight  and  a  half  months,  sold. 
Isadore.  Dry  one  and  a  half  years,  served,  conceived,  aborted  at  6 
months;  now  (1921)  in  good  condition. 

Group  IV.  Greatly  overfed.  Hepsy.  Dry  one  and  a  half  years, 
barren,  sold.    Mab.     Dry,  one  and  a  half  years,  barren,  sold. 

Summing  up  the  outcome  and  referring  to  the  preceding  tables, 
setting  forth  the  condensed  and  salient  features  of  the  results  secured 
with  the  six  cows  for  which  we  have  complete  records  and  the  14 
whose  records  are  rendered  faulty  because  of  the  theft,  we  may  say : 

A.     Concerning  the  complete  records: 

1.  Length  of  feeding.  These  six  cows  were  fed  for  from  13 
to  16  months,  averaging  14  months. 

2.  Variation  in  rations.  Their  rations  varied,  some  cows  eat- 
ing more  than  others.  Furthermore  the  same  cow  at  different  times 
received  rations  differing  more  or  less  as  to  their  food  contents  but  not 
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as  to  the  materials  fed,  except  that  the  quality  of  the  hay  fed  neces- 
sarily was  somewhat  changeable  from  season  to  season  and  that  silage 
sometimes  was  not  fed  during  the  summer  months. 

3.  Digestible  protein  intake.  Every  cow  on  the  average  ate  stand- 
ard or  super-standard — usually  the  latter — amounts  of  digestible  pro- 
tein, averaging  %o  to  %  excess. 

4.  Total  digestible  nutrient  intake.  Three  cows  on  the  average, 
according  to  the  lower  standards,  ate  %  excess  but,  according  to  the 
higher  standards,  %3  deficiency;  two  ate  standards  amounts  according 
to  one  and  Yq  sub-standard  amounts  according  to  the  other ;  and  one 
ate  sub-standard  amounts  ( — %  and  — %2)  by  both  the  lower  and  the 
higher  standards.     The  average  record  is  %  deficiency  to  %o  excess. 

3.  Gain  in  live  weight.  Every  cow  gained  in  live  weight,  the 
gains  ranging  from  3  to  11  percents;  and  this  notwithstanding  the  fact 
that  the  feeding  was  on  the  whole  sub-standard  in  respect  to  total 
digestible  nutrients  ( — 344  to  — %  by  the  higher,  -|-%  to  %2  by 
the  lower  standards).  All  the  cows  were  mature  and  the  gains  in  live 
weight  are  not  to  be  ascribed  to  advancing  years. 

6.  Continued  wellbeing  of  the  cows.  Two  of  the  six  cows 
aborted,  but  there  seems  no  necessary  causal  relationship  to  be  ascribed 
to  their  feeding!  Every  cow  remaining  in  good  health  and  doing  good 
service  for  a  series  of  years,  ranging  from  two  to  five. 

B.     Concerning  the  incomplete  records. 

Group  I,     Considerably  underfed  for  three  and  a  half  years. 

About  all  that  can  be  said  under  the  circumstances  as  to  these  eight 
cows  in  Group  I  is  that  two  to  four  years  of  decided  underfeeding — 
the  shortages  of  total  digestible  nutrients,  as  judged  by  standards, 
amounting  to  from  0  to  % — did  not  seem  to  result  in  permanent  injury 
to  any  cow.  Indeed,  they  seem  to  have  done  quite  as  well  as  those  fed 
more  liberally,  being  none  the  worse  for  their  long  continued  food 
shortage. 

Group  II.    Somewhat  underfed  for  two  years. 

These  two  cows  seem  to  have  gotten  along  pretty  well  after  their 
two  years'  short  rationing  (0  to  %  total  digestible  nutrients).  To  be 
sure  both  died  within  two  years  after  the  close  of  the  period,  but  there 
does  not  appear  to  be  any  necessary  or  probable  relationship  between 
these  mishaps  and  their  insufficient  feeding. 

Group  III.     Well  fed  for  two  years. 

Both  of  these  cows  aborted  but  their  appears  no  necessary  relation 
between  this  fact  and  their  feeding  (0  to  -fH  total  digestible  nu- 
trients). 
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Group  IV,    Decidedly  overfed  for  one  and  a  half  years. 

These  two  overfed  cows  (+%  to  +%  total  digestible  nutrients) 
later  on  proved  barren  and  were  sold. 

In  view  of  the  volume  of  the  data  presented  in  this  particular  phase 
of  the  trials,  the  extreme  length  of  the  feeding  periods,  the  fact  that 
at  least  no  serious  damage  to  bovine  wellbeing  seems  to  have  resulted 
and  that  their  ability  to  do  good  work  subsequent  to  the  close  of  the 
maintenance  period  does  not  seem  to  have  been  impaired,  is  it  not 
fair  to  raise  the  question  whether  the  amount  of  nutrients  heretofore 
set  forth  in  the  form  of  standards  as  necessary  for  the  maintenance  of 
dry  dairy  cows  is  not  excessive ;  whether  such  cows  may  not  be  main- 
tained on  a  considerably  smaller  food  intake  ?  The  writer,  at  any  rate, 
is  quite  convinced  that  the  Haecker,  Savage,  modified  Wolff-Lehmann 
and  Woll-Humphrey  standards  for  bovine  maintenance  are  decided 
overstatements  and  that  the  Armsby  and  Eckles  (converted)  standards 
are  in  no  respect  understatements,  that  if  anything  they  err  on  the 
side  of  liberality.  However,  in  spite  of  the  great  volume  of  data  pre- 
sented herewith  and  the  quite  definite  results  secured,  he  is  not  in- 
clined to  suggest  any  lower  figures  than  those  proposed  by  Armsby 
and  Eckles. 

Ill  AND  IV.     MAINTENANCE  AND  FCETAL 

CONSTRUCTION 

III.     Normal  Parturition 

Six  cows  carried  their  calves  to  full  time,  one  of  them  twice. 
Seven  records  are  available  but  one  (III.  6)  is  vitiated  by  the  loss  of 
the  weight  data.  In  six  instances  the  cows  had  been  dry  for  from 
6  to  26  months  prior  to  service,  in  one  instance  service  was  practically 
coincident  with  drying  off.  With  one  exception  the  cows  were  de- 
cidedly underfed,  judged  by  mere  maintenance  standards. 

The  statements  as  to  feeds,  food  intakes  and  live  weights  follow. 
The  relation  of  the  food  intakes  to  mere  maintenance  needs — regard- 
less of  the  draft  of  foetal  construction — appears  at  the  right  of  each 
table.  The  tables  are  massed  together  in  the  discussion  of  this  plan 
of  the  work  dealing  specifically  with  the  relation  of  the  food  intake 
to  foetal  construction. 

III.  1.  Bontje,  grade  Holstein,  11  years  old,  served  July  15, 
1911,  calved  April  15,  1912,  at  275  days  was  fed  the  low  protein  ration. 
Her  feeding  before  and  after  service  was  very  slightly  varied,  being 
essentially  as  follows : 
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Her  food  intake  and  comparison  data  follow: 
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Average  weights  in  successive  five-week  periods  following  service, 
1,192,  1,215,  1,225,  1,224,  1,249,  1,275,  1,285,  1,298  pounds.  Average 
weight  after  calving,  1,175  pounds.  Approximate  weights:  calf  85 
pounds,  placenta,  etc.  30  pounds. 

III.  2.  DuRTjE,  grade  Holstein,  eight  years  old,  served  January 
15,  1910,  calved  October  20,  1910,  at  279  days  was  fed  the  high  protein 
ration.  Her  feeding  before  and  after  service  was  somewhat  varied  as 
appears  below : 
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Her  food  intake  and  comparison  data  follow : 
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Average  weights  in  successive  five-week  periods,  1,270,  1,257, 
1,261,  1,286,  1,352,  1,340,  1,386,  1,435  pounds.  Average  weight  after 
calving,  1,318  pounds.  Approximate  weights :  calf  85  pounds,  placenta, 
etc.  30  pounds. 

III.  3.  Hazel  K.,  grade  Jersey,  six  years  old  was  served  Novem- 
ber 28,  1909,  calved  August  31,  1910,  at  276  days.  She  was  fed  the 
low  protein  ration.  Her  feeding  before  and  after  service  was. reason- 
ably uniform  as  appears  below : 
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1,015,  1,052,  1,079,  1,096,  1,104  pounds.  Average  weight  after  calving, 
1,005  pounds.  Approximate  weights:  calf  75  pounds,  placenta,  etc. 
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III.  4.  Jane,  grade  Jersey,  six  years  old,  served  September  7. 
1909,  calved  June  15,  1910,  at  281  days  was  fed  the  high  protein  ration. 
Her  feeding  prior  to  and  subsequent  to  service  was  quite  uniform  until 
the  last  quarter  of  her  gestation,  as  appears  below : 
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Her  food  intake  and  comparison  data  follow : 
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5.7 

9.7 

6.4     1.1     5.2 

6.3 

901 

+57 

+85 

—21     —  3 

6.4       4.2     0.73     3.45 

4.2 

7.4 

4.85  0.8     4. 

4.85 

863 

+20 

+41 

—39    —26 

Standards  (maintenance) :  1 

Saeck 

er,  Savage, 

modified  Wolfl-Lehn 

lann, 

Woll-Humphrey 

0.7 

7.93 

1,000 

Standards  (maintenance) :  a 

^rmst 

\y,  Eckles 

(converted) 

0.595 

6.48 

1,000 

Average  weights  in  successive  five-week  periods,  840,  845,  824, 
842,  858,  872,  893,  910  pounds.  Average  weight  after  calving,  823 
pounds.  Approximate  weights:  calf  55  pounds,  placenta,  etc.  25 
pounds. 

III.  5.  Karah,  grade  Jersey,  eight  years,  was  served  August 
4,  1918  and  calved  May  16,  1919,  her  gestation  period  being  284  days. 
She  was  fed  the  low  protein  ration.  Her  feeding  preceding  and 
subsequent  to  service  was  as  follows : 


eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

24 

5.6 

11. 

3.3 

3 

3. 

5.8 

1.7 

4 

2. 

4.2 

1.4 

34 

4. 

8. 

2.4 
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Her  food  intake  and  comparison  data  follow: 
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Nutrient    usa^ 
±  as  compared 
with    standards 


S 


H.  S.  A.  E. 

i 


•B  O 

MA 


Q 


H.  S.  A.  E. 


JO 
b0Oi 


♦3 

«-*  c 
o 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

.lbs. 

Preceding  service 

24 

9.9 

6.4 

0.6 

5.8 

6.4 

•  • 

•  ■ 

•  • 

•  • 

•  • 

Succeeding  service 

4 

3.8 

2.4 

0.25 

2.1 

2.4 

4.6 

2.9 

0.3 

2.6 

2.9 

3 

5.2 

3.3 

0.35 

2.9 

3.3 

6.3 

4. 

0.45  3.5 

4. 

34 

7.3 

4.7 

0.5 

4.1 

4.6 

8.8 

5.7 

0.6 

4.9 

5.5 

lbs. 


% 


2 


9« 

scti 

Z 


'"<■ 


820  —57  —50  — 63  —55 
820  —37  —25  — 49  —38 
837    —14     +  1    —30    —14 


Ave.     6.8      4.4    0.47    3.8        4.3      8.15  5.35  0.56  4.6    5.15     834 
Standards  (maintenance):  Haecker,  Savage, 

modified  WoUMiehmann, 

Woll-Humphrey  0.7 

Standards  (maintenance)  :Armsby,  Eckles 

(converted)  0.595 


—20    —  6    —35    —21 


7.93  1,000 


6.48  1.000 


*Live  weights  unavailable  (pages  11-12). 

Average  weights  in  successive  five-week  periods, , ,  816, 

826,  826,  826,  835,  845  pounds.  Average  weight  after  calving,  789 
pounds.  Approximate  weights:  calf  40  pounds,  placenta,  etc.  15 
pounds. 

III.  6.  Nesbit,  grade  Jersey.  10  years  old,  w^as  served  June  27, 
1917  and  calved  April  10.  1918.  at  287  days.  She  was  fed  the  high 
protein  ration.  Her  weight  records  are  missing  (see  pages  11-12). 
Her  food  and  nutrient  intakes  were  as  follows : 


eeks 

Hay 

Silage 

Grain 

Total 
drj- 
matter 

Digestible 
dry 
matter 

Digestible 
protein 

DIgesUble 
carbohv- 

drates 
and  fat 

Total 

dl|P«»tiM« 
nutrients 

lbs. 

lbs. 

IbSL 

lbs. 

IbSL 

the. 

lbs. 

IbSL 

15 

6. 

12. 

3.6 

11. 

7.25 

1.1 

6.05 

7.15 

8 

4. 

8. 

2.4 

7.35 

4.85 

0.75 

4.05 

4.8 

6 

3. 

7, 

2.2 

6.1 

4. 

0.6 

3.35 

3.95 

12"t 

6. 

12. 

3.6 

11. 

7-25 

1.1 

6.05 

7.15 

Ave. 

5-2 

10.5 

3,1 

9.7 

6.4 

0.95 

5.3 

6.3 
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Her  average  weight,  exclusive  of  that  of  the  growing  foetus,  was 
probably  not  far  from  950  pounds.  On  that  assumption,  she  ate  always 
more  digestible  protein  than  standard  indicated,  sub-  or  super-standard 
amounts  of  total  digestible  nutrients  during  the  first  and  last  third  of 
gestation  and  decidedly  sub-standard  amounts  during  the  middle  third, 
the  figures  being:  digestible  protein,  -{-%  to  +%  2i"d  — %o  to  +%o 
for  the  two  ends  and  the  middle;  total  digestible  nutrients  — %o  ^md 
+  /4o  and  — 1/4  to  — ^  for  the  two  ends  and  the  middle.  On  the 
average  the  cow  doubtless  ate  an  excess  of  digestible  protein  and  from 
0  to  %  deficiency  of  total  digestible  nutrients.  In  this  comparison, 
however,  no  account  has  been  taken  of  the  draft  of  the  growing  foetus 
upon  the  food  supply.     Nesbit  calved  normally,  dropping  a  healthy  calf. 

III.  7.  Nesbit,  grade  Jersey,  11  years  old,  served  September  24, 
1918,  calved  July  1,  1919,  at  279  days.  She  was  fed  the  high  protein 
ration.  Her  ration,  following  service,  was  excessive^  and  varied  con- 
siderably.    She  made  129  pounds  of  milk  following  service. 


^  It  should  be  said,  concernine  Nesbit,  that  she  proved  to  be  an  abnormal  and 
very  inferior  cow.  Unless  liberally  fed,  indeed  grossly  overfed,  she  did  not  main- 
tain live  weight.  When  in  milk  and  thus  overfed  she  neither  yielded  well  nor  gained 
materially  in  live  weight.  She  was  a  feminine  bovine  Jonah.  Her  records  are  in- 
cluded, so  far  as  printing  goes,  but  possibly  should  be  excluded  in  final  summations. 


Weeks 

Hay 

Silage 
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H.  S.  A.  E. 


CO  p 


XX.  S.  A.  Ba. 


4) 

o 

^i« 

r^ 

,o 

,o 

4^ 

•M 

If 

•O  a> 

•oo 

tal 
nutri 

tal 
nutri 

e 
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lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.    lbs. 

lbs. 

lbs.         %          % 

%         % 

Succeeding  service 

8 

21.5 

14. 

2.2 

11.5 

13.7 

21.5 

14. 

2.2  11.5 

13.7 

1,001  H-214  +270 

+75  +114 

14 

18.4 

12. 

1.9 

9.9 

11.8 

18.6 

12.1 

1.9  10. 

11.9 

990  +171  +219 

+50  +  85 

2 

20.5 

13.4 

2.1 

11. 

13.1 

19.7 

12.9. 

2.     10.6 

12.6 

1,035  +186  +236 

+61  +  97 

4 

25. 

16.2 

2.5 

13.4 

15.9 

22.2 

14.7 

2.3  12.2 

14.5 

1,100  +229  +287 

+84  +125 

7 

21.5 

14. 

2.2 

11.5 

13.7 

18.7 

12.2 

1.9  10. 

11.9 

1,147  +171  +219 

+50  +  85 

5 

17.9 

11.6 

1.8 

9.6 

11.4 

15.3 

9.9 

1.55  8.2 

9.7 

1,170  +121  +161 

+24  +  50 

Ave.     20.2     13.1     2.1     10.8       12.9     19.1  12.4     2.     10.2  12.2     1,057  +186  +236 
Standards  (maintenance) :  Haecker,  Savage, 

modified  Wolff-Lehmann, 

WoU-Humphrey  0.7 

Standards  (maintenance) :  Armsby,  Eckles 

(converted)  0.595         6.48  1,000 


+56  +  90 


7.93  1,000 
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Average  weights  in  successive  five-week  periods,  997,  998,  996, 
1,020,  1,000,  1,117,  1,153,  1,170  pounds.  Average  weight  after  calving, 
1,000  pounds.  Approximate  weights:  calf  120  pounds,  placenta,  etc. 
50  pounds. 

The  following  table  sets  forth  the  essential  situation  in  each  case 
(except  III.  6),  in  so  far  as  it  relates  to  comparison  with  food  needs  for 
mere  maintenance  regardless  of  the  draft  that  foetal  contruction  may 
make  upon  the  nutrient  intake. 


xi.  &  o. 

A.&E. 

H.  &S. 
Total 

A.&E. 
Total 

Dierestible 

Digestible 

dig:e8tfble 

digestible 

Live 

protein 

protein 

nutrients 

nutrients 

weight 

Bontje 

—  15 

—     1 

—25 

—  8 

+  5 

Durtje 

+  43 

+  67 

—23 

—  5 

+  5 

Hazel  K. 

—  11 

+     3 

—23 

—  6 

+  6 

Jane 

+  20 

+  41 

—39 

—26 

+  3 

Karah 

—  20 

—    6 

—35 

—21 

+  2 

Nesblt 

+186 

+236 

+55 

+90 

+17 

These  cows  fall  into  three  groups ;  one  (Bontje,  Hazel  K.,  Karah) 
underfed  both  as  to  the  digestible  protein  and  total  digestible  nutrients 
contents  of  their  rations;  two  (Durtje,  Jane)  overfed  with  digestible 
protein  but  underfed  with  total  digestible  nutrients;  and  one  (Nesbit) 
grossly  overfed.  Obviously  under  such  circumstances,  and  in  view  of 
the  small  number  of  records,  no  average  can  be  established  that  means 
much. 

Studies  made  elsewhere  show  that  the  carcass  of  the  average  calf 
at  birth  carries  about  28  percent  of  dry  matter,  20  percent  of  protein 
and  4  percent  of  fat.  Assuming  that  the  placenta  as  such  is  of  a  similar 
composition  and  that  it  comprises  one-half  of  the  weight  of  the  ejecta 
other  than  the  calf,  we  have  the  following  comparative  statements  for 
the  several  cows  as  to  the  food  intake  for  the  entire  period  of  gesta- 
tion on  the  one  hand  and  the  contents  of  calf  and  placenta  stated  in 
food  nutrient  terms  on  the  other  hand. 

The  statement  also  sets  forth  the  standard  maintenance  needs  for 
each  cow  calculated  on  the  basis  of  her  average  weight  during  the  first 
few  weeks  following  service,  the  left  hand  figures  representing  the 
data  calculated  used  the  Haecker,  Savage,  modified  Wolff-Lehmann, 
Woll-Humphrey  standards,  and  the  right  hand  those  derived  from  the 
use  of  the  Armsby  and  Eckles  (converted)  standards.  These,  also,  are 
calculated  to  entire  gestation  period  consumption. 
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Bontje 


Durtje 


Hazel  K. 


Jane 


Karah 


Nesbit 


Intake,  275  days 
Standard  maintenance 

at  1,200  pounds 
Remaining  for  foetal 

construction 
100  pounds  ejecta 

Intake,  279  days 
Standard  maintenance 

at  1,274  pounds 
Remaining  for  foBtal 


lbs.         lbs.       lbs.        lbs.         lbs.         lbs.       lbs.        lbs. 
3,204       201     1,815     2,021     3,204       201     1,815     2,021 


235     2,428     2,664 


200     1,975     2,177 


—34   —613    —643      +     1   —160   —156 

20  9  29      20  9  29 


3,543       371     1,897     2,288     3,543       371     1,897     2,288 


249     2,575     2,818 


construction 

•  •  •  • 

+122 

—678 

—530 

100  pounds  ejecta 

•  «  ■  ■ 

20 

9 

29 

Intake,  276  days 

2,732 

179 

1,559 

1,739 

Standard  maintenance 

at  1,000  pounds 

•  •  •  • 

196 

2,024 

2,220 

Remaining  for  fcBtal 

construction 

•  ■  ■  • 

—17 

—465 

—481 

90  pounds  ejecta 

•  •  •  • 

18 

8 

26 

....       211     2,090     2,302 

....   +160   —193     —14 
20  9  29 


107     1,64G     1.814 

+12     —87      —75 
18  8  26 


•   •  •  • 


Intake,   281    days 
Standard  maintenance 

at  836  pounds 
Remaining  for  foetal 

construction 
70  pounds  ejecta 

Intake,  284  days 
Standard  maintenance 

at  820  pounds 
Remaining  for  foetal 

construction 
50  pounds  ejecta 

Intake,  280  days 
Standard  maintenance 

at  1,000  pounds 
Remaining  for  foetal 

construction 
150  pounds  ejecta 


1,925       205     1.012     1,222     1,925       205     1,012     1,222 


165     1,699     1,863 

+40   —687    —641 
14  6  21 


140     1,381     1.522 

+60   —369   —300 
14  6         21 


1,931       133     1,079     1,221     1,931       133     1.079     1,221 


163     1,683     1,849 


—30 
10 


-604 
5 


-628 
15 


139     1,370     1,809 

—6   —290   —288 
10  5  15 


5,656       588     3,024     3,612     5,656       588     3.024     3,612 


•  •  •  • 


196  2,024  2,220 


167  1,646  1,814 


. . . .  +392  +1,000  +1,392     ....  +421  +1,378  +1,798 
30  14  44     ....        30  14  44* 


*Nesbit  gave  129  pounds  of  milk  during:  the  early  part  of  her  gestation  period,  containing 
20,  6.5  and  21.9  pounds  respectively  of  total  dry  matter,  protein  and  carbohydrates  (milk  sugar 
and  fat  X    2^^).     See,  also,  footnote  on  page  61. 
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It  will  be  observed  that,  speaking  in  general  terms,  the  first  five 
cows  did  not  consume  a  sufficient  amount  of  total  digestible  nutrients 
to  maintain  them  without  loss  of  live  weight,  not  to  speak  of  foetal 
construction,  provided  one  holds  to  and  abides  by  the  standards. 
(Nesbit,  the  sixth  cow,  was  an  abnormal  and  need  not  be  considered.) 
However,  in  only  one  case  was  there  much  shortage  of  digestible  protein 
and  in  that  instance  the  smallest  calf  was  dropped.  In  view  of  the  fact 
that  these  cows  with  one  exception — Karah  whose  ration  was  the  low- 
est of  all — did  well  after  calving,  the  writer  is  inclined  to  look  upon 
these  figures  as  furnishing  additional  testimony  in  favor  of  a  lower 
maintenance  standard  than  that  proposed  by  Haecker  et  al.,  one  quite 
as  low  as  that  proposed  by  Armsby  and  by  Eckles ;  that,  in  other  words, 
the  lower  standard  for  total  digestible  nutrients,  6.5  pounds  per  1,000 
pounds  seems  sufficient  both  to  maintain  the  cow  and  to  build  foetal 
structures.  In  this  connection  it  should  be  noted  that  three  of  these 
five  lost  live  weight  on  calving  as  compared  with  their  weights  at  pre- 
vious calving,  the  average  shrinkage  being  3  percent ;  that  one  held  her 
weight;  and  that  one  gained  4%  percent.  The  average  loss  was  nil. 
This  is  further  testimony  in  behalf  of  the  sufficiency  of  the  lower  main- 
tenance ration  in  respect  to  its  total  digestible  nutrient  content. 

It  is  perfectly  clear  that  foetal  construction  makes  a  relatively 
small  draft  upon  the  carbohydrate  content  of  the  ration,  if  one  con- 
siders only  the  figures  representing  ultimate  product  and  does  not 
take  cognizance  of  the  draft  made  by  the  metabolic  processes  involved 
in  foetal  construction.  The  protein  content  of  the  ration,  however,  was 
somewhat  more  heavily  drawn  upon — to  the  extent  of  approximately 
10  percent  of  the  gross  digestible  protein  intake,  except  in  the  case  of 
the  two  cows  which  were  fed  excessive  amounts  of  this  nutrient.  This 
is  equivalent  to  a  daily  draft  of  from  0.05  to  0.1  pounds  of  digestible 
protein,  extending  over  the  whole  period  of  gestation.  Obviously  the 
major  portion  of  this  draft  occurs  in  the  latter  portion  of  gestation 
when  the  figures  may  well  become  twice  or  thrice  the  average.  It  will 
be  noted  that  according  to  the  lower  standard  the  digestible  protein 
supply  indicated  for  maintenance  purposes  was  sufficient  also  to"  build 
the  foetus,  save  in  the  case  of  Karah,  whose  intake  was  less  than 
0.5  pounds  a  day.  And  thus  again,  testifies  to  the  sufficiency  of  the 
lower  standard  in  respect  to  its  digestible  protein  weight  content. 

The  pre-  and  post-parturition  histories  of  these  cows  were  as 
follows : 
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Bontje  during  80  weeks  of  low  feeding  (0  to  — %  digestible  pro- 
tein, — %2  to  — ^4  total  digestible  nutrients  during  gestation)  main- 
tained her  live  weight  fairly  well.  She  dropped  a  full  sized  bull  calf 
and,  during  the  five  weeks  succeeding  calving,  gave  an  average  of  35 
pounds  of  milk  daily. 

Durtje  had  plenty  and  to  spare  of  digestible  protein  at  all  times 
during  73  weeks  (  +  %  to  +%  during  gestation),  but  her  total  digesti- 
ble nutrient  intake  was  somewhat  low  of  maintenance  requirements 
even  during  pregnancy  ( — %o  to  — %).  She  maintained  her  live 
weight  well,  dropped  a  normal  full  sized  heifer  calf  and  gave  8,700 
pounds  of  milk  and  318  pounds  of  fat  during  the  ensuing  year. 

Hazel  K.,  underfed  for  75  weeks  (0  to  — 34o>  — Vie  to  — 1/4  during 
gestation),  maintained  her  live  weight  notwithstanding  her  insufficient 
ration,  calved  normally,  dropped  a  good  calf,  and  gave  5,650  pounds 
milk  and  302  pounds  of  fat  during  the  ensuing  year. 

Jane,  greatly  underfed  for  63  weeks  except  perhaps  during  the  last 
two  and  a  half  months  of  her  pregnancy  (+%  to  +%  digestible  pro- 
tein, and  — %  to  — %  total  digestible  nutrients),  dropped  a  rather  small 
but  normal  calf  and,  during  the  ensuing  year,  gave  7,424  pounds  milk 
and  403  pounds  fat.  Furthermore,  she  did  good  service  for  several 
years  subsequent  to  her  trial. 

Karah  was  fed  reasonably  well  during  her  24-weeks  maintenance 
period  but  her  food  intake  was  cut  down  following  service  to  small 
figures  ( — %e  to  +%,  — %  to  %).  Her  calf  was  small  but  normal. 
Her  subsequent  milk  record  (3,741  pounds  in  13  months)  was  poor. 

Nesbit  (HI.  7.)  was  grossly  overfed  throughout  her  gestation 
period  (+^%  to  +^%j  +%  to  +%o)  and  dropped  a  very  large 
and  fat  calf.     She  naturally  continued  in  good  condition  after  calving. 

IV.    Abortion 

Five  pregnant  cows  failed  to  carry  their  calves  to  full  time,  two 
aborting  twice.  The  miscarriages  occurred  one  at  five  and  a  half 
months,  two  at  six  and  a  half  months,  one  at  seven  months  and  three 
at  eight  and  a  half  months. 

Two  records  are  of  little  or  no  use  owing  to  the  loss  of  the  weight 
data  elsewhere  referred  to.     The  statements  follow. 

IV.  1.  Altje,  grade  Holstein,  nine  years  old,  served  January 
10,  aborted  August  2,  1910,  at  204  days,  was  fed  the  medium  ration. 
Her  feeding  record  prior  to  and  following  service  follows : 
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Weeks      Hay          Silage        Grain 

Weeks 

Hay 

Silage 

Grain 

lbs.             lbs.             lbs. 

lbs. 

lbs. 

lbs. 

7            6.             12.5            3. 

4 

6. 

12.5 

3. 

4            5.             12.5            3. 

5 

7. 

15. 

4. 

2            5.             12.5            3. 

4 

8. 

16. 

4.5 

14           5.             10.             2.8 

Her  nutrient  intake  and 

comparison  records 

follow : 
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^ 
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5     S 
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Q 

5        g 

lbs.      lbs.      lbs. 

Preceding  seryice 
7       10.6      6.8    1. 
4  9.7       6.3     0.85 


lbs.      lbs.       lbs.     lbs.    lbs.    lbs.    lbs.      lbs. 


Succeeding  service 


2 

14 
4 
5 

4 


9.7 

9.3 
11.75 
14.1 
15. 


6.3 

6. 

7.5 

9.1 

9.7 


0.85 

0.8 

0.9 

1.15 

1.3 


5.7 
5.3 

5.3 

5. 

6.5 

7.8 

8.2 


6,7 
6.2 

G.2 

5.8 

7.4 

9. 

9.5 


8. 
7.3 

7.3 

7.1 

9. 

10.2 

10.9 


5.1 

4.8 

4.7 
4.6 
5.7 
6.6 
7. 


0.75  4.3 
0.65  4. 


5.05  1,328 
4.65  1,319 


0.65 

O.C 

0.7 

0.85 

0.95 


4. 

3.8 

5. 

5.7 

6. 


4.65 

4.4 

5.6 

6.55 

6.95 


1,333 
1,306 
1,322 
1,383 
1,379 


% 

+  7 

—  7 

—  7 
—14 

0 
+21 
4-36 


% 

+26 

+  9 

+  9 

+   1 
+18 

+43 

+60 


% 


^i 


—36  -t: 
—41    -5 

—41  -:; 

—15  -31 

—29  -1* 

—17  fl 

—12  +: 


Ave.    11.4       7.35  0.95     6.2        7.15     8.55  5.5     0.71 
Standards  (maintenance) :  Haecker,  Savage, 

modified  Wolff-Lehmann, 

Woll-Humphrey  0.7 

Standards  (maintenance) :  Armsby,  Eckles 

(converted)  0.595 


4.65  5.4     1,333     +  1     +19    —32   -l- 


7.93  1,000 
6.48  1,000 


Weights  in  successive  five-week  sub-periods,  1,318,  1,300,  1,309, 
1,316,  1,388,  1,401  pounds.  Weight  after  abortion,  1,310  pounds. 
Approximate  weights :  aborted  calf  50  pounds,  placenta,  etc.  20  pounds. 

IV.  2.  Altje,  grade  Holstein,  13  years  old,  served  May  9. 
aborted  December  1,  1914,  at  205  days,  was  fed  the  medium  protein 
ration.     Her  feeding  record  before  and  after  service  follows : 


eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

8 

10. 

30. 

2. 

3 

9.3 

27.6 

5.9 

C 

10. 

30. 

4. 

4 

10. 

20. 

6. 

16 

10. 

30. 

4. 

6 

11. 

22. 

6.6 
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Her  nutrient  intake  and  comparison  data  follow : 
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% 
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servlo 

8 
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16.3 
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8.5 
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13.6 
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+29  +  51 
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+23 
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ce 
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11.06 

14.8 

9.5 

1.1     7.8     8.9 

1,247 

+57  +  85 

+16 

+37 

16 

18.5 

11.6 

1.35 

9.8 

11.15 

;  14.8 

9.3 

1.1     7.8     8.9 

1.254 

+57  +  85 

+13 

+37 

3 

18.3 

12.1 

1.65 

10.2 

11.85 
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9.5 

1.3     8.       9.3 

1.283 

+86  +118 

+17 

+43 

4 

17.7 

11.6 

1.7 

9.9 

11.6 

13.4 
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1.3     7.5     8.8 

1,316 

+86  +118 

+11 

+36 

6 

20.2 

12.9 

1.8 

11.1 

12.9 

15.1 

9.6 

1.35  8.2     9.6 

1,341 

+93  +127 

+21 

+48 

Ave.    18.7     11.9     1.52  10.1      11.65  14.55  9.3     1.2     7.85  9.1     1,284     +71  +102     +16     +40 
Standards  (maintenance) :  Haecker,  Savage, 

modified  Wolff-Lehmann, 

Woll-Humphrey  0.7  7.93  1,000 

Standards  (maintenance) :  Armsby,  Eckles 

(converted)  0.595         6.48  1,000 


Average  weights  in  successive  five-week  sub-periods  following 
service,  1,252,  1,244,  1,264,  1,286,  1,320,  1,341  pounds.  Weight  after 
abortion .  Approximate  weights:  aborted  calf pounds,  pla- 
centa, etc. pounds.     (Data  unavailable  because  of  loss  of  records. 

See  pages  11-12.) 

IV.  3.  Sabra,  grade  Jersey,  seven  years  old,  served  September 
13,  1909,  aborted  May  25,  1910,  at  254  days,  was  fed  the  medium  protein 
ration.  Her  feeding  record,  which  was  quite  variable  before  and 
after  service,  was  as  follows : 
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Hay 

Silage 
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Weeks 
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Silage 
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lbs. 

lbs. 

lbs. 

lbs. 

lbs. 
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8. 
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3.6 

7.2 

3. 

5 
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3. 
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3. 

7. 

2. 
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Her  nutrient  intake  and  comparison  data  follow : 
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Weights  in  successive  five- week  periods,  962,  940,  915,  930,  937, 
950,  962  pounds.  Average  weight  after  abortion,  768  pounds.  Loss 
in  weight  approximately  190  pounds. 

IV.  4.  Nesbit,  grade  Jersey,  eight  years  old,  was  served  Septem- 
ber 21,  1915  and  aborted  June  11,  1916,  at  almost  full  time  (262  days). 
She  was  fed  the  high  protein  ration  but  her  nutrient  intake  was  limited. 
She  was  dry  when  served.  The  loss  of  the  live  weight  records  (pages 
11-12)  makes  it  impracticable  to  make  positive  deductions;  but  at 
least  one  may  query  whether  there  may  not  have  been  relation  between 
her  sub-standard  rationing  and  the  miscarriage.  Assuming  that  her 
live  weight,  exclusive  of  that  of  the  growing  foetus,  was  950  pounds — 
which  was  her  lowest  authenticated  average  live  weight  prior  to  or 
subsequent  to  this  period — her  average  nutrient  intakes  were  approxi- 
mately standard  or  better  than  standard  in  respect  to  digestible  protein 
(0  to  +%)  and  deficient  in  respect  to  total  digestible  nutrients  ( — Y^q 
to  — %).  No  account  has  been  made  of  the  draft  of  foetal  construc- 
tion.    Her  food  usage  and  nutrient  intake  records  follow: 
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eeks 
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Digestible 
dry 
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9.15 
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1. 

4.85 

5.9 

Ave.       3.5 


7. 


1.9 


6.6 


4.3 


0.66 


3.55 


4.25 


IV.  S.  Isadore,  grade  Jersey,  11  years  old,  was  served  Jan- 
uary 16  and  aborted  July  5,  1918,  at  170  days.  She  was  fed  the 
medium  protein  ration.  Her  weight  records  are  missing  (see  pages 
11-12).     Her  food  and  nutrient  intakes  are  as  follows: 


Weeks        Hay  Silage 

lbs.  lbs. 

Preceding  service 
10  6.  12. 

Succeeding  service 
4  6.  12. 

7  4.  8. 

13  6.  12. 


Qrain 

Total 

dry 

matter 

Digestible 
dry 
matter 

DigesUble 
protein 

Digestible 
carbohy- 
drates 
and  fat 

Total 
digestible 
nutrients 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

3.6 

10.7 

6.9 

0.85 

6.05 

6.85 

3.6 

10.7 

6.9 

0.85 

6.05 

6.85 

2.4 

7.15 

4.6 

0.55 

4.05 

4.6 

3.6 

10.7 

6.9 

0.85 

6.05 

6.85 

Ave.       5.4 


10.8 


3.2 


9.6 


6.2 


0.75 


5.45 


6.2 


Owing  to  the  live  weight  data  loss  above  noted  no  exact  deduc- 
tions can  be  drawn.  However,  such  data  as  are  available  indicate 
that  Isadore  averages  to  weigh  about  850  pounds  when  in  milk  and 
barren.  The  foetus  could  not  have  made  very  large  drafts  on  the 
food  supply,  being  lost  at  six  months.  On  this  assumption  the  cow 
ate  considerable  excesses  of  digestible  protein  during  the  first  month 
and  the  last  three  months  (  +  %  to  +%)  and  closely  standard  amounts 
in  the  mid-period  ( — %o  to  +%o)  and  0  to  +%  and  — Yq  to  — % 
total  digestible  nutrients  during  the  corresponding  periods.  On  the 
average  she  probably  ate  %  to  nearly  %  more  digestible  protein  but 
from  3^2  less  to  %  more  total  digestible  nutrients  than  standards 
indicated. 

IV.  6.  Augusta,  grade  Jersey,  eight  years  old,  served  January 
27,  aborted  September  13,  1919,  at  229  days,  was  fed  the  high  protein 
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ration.     Her  feeding  record  before  and  after  service  was  as  follows. 
being  identical : 

Weeks      Hay  Silage        Grain  Weeks 
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lbs. 
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3.4 
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lbs. 
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6. 
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Her  nutrient  intakes  and  comparison  data  follow : 
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lbs.       lbs.     lbs.    lbs.    lb&    lbs.      lbs.  % 

7.       13.3     8.6     1.35  7.4     8.75      803     -|-93  +125    -fll  * 


lbs.      lbs.      lbs. 

Preceding  serylce 

18       10.7      6.9    1.1      5.9 

Succeeding  service 

32        10.7       6.9     1.1       6.9        7.       12.6     8.1     1.3     6.9     8.2 
Standards  .(maintenance) :  Haecker,  Savage, 
modified    Wolff-Lehmann, 
Woll-Humphrey  0.7 

Standards  (maintenance) :  Armsby,  Eckles 

(converted)  0  595 


^c        ^• 


852     -f  86  +117    -i-  3  *•• 


7.93  1,000 
^.48  1.000 


Average  weights  in  successive  five-week  sub-periods,  802,  808. 
820,  850,  893,  907  pounds.  Average  weight  following  abortion,  790 
pounds.  Approximate  weights:  aborted  calf  75  pounds,  placenta,  etc. 
40  pounds. 

IV.  7.  IsADORE,  grade  Jersey,  12  years  old,  was  served  June  12. 
1919  and  aborted  February  18,  1920,  at  251  days.  She  received  the 
medium  protein  ration  and  was  fed  very  heavily  as  the  following 
statement  as  to  feeding  before  and  after  service  amply  indicates: 


The  Maintenance  Requirements  of  Dairy  Cattle 


71 


Weeks 

Hay 

Silage 

Grain 

Weeks      Hay 

Silage 

Grain 

lbs.  . 

lbs 

• 

lbs. 

lbs. 

lbs.             lbs. 

13         12. 

24. 

8. 

10          10.1 

19.              5.9 

9         10.6 

21.3 

6.4 

11          12.2 

22.3            7.4 

• 

15            8.3 

16.8           4.9 

Her  nutrient  intakes  and  comparison  data  follow 
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Total  digestible 
nutrients 

u 

73 

s 

& 

is 

1 

00 

9 

Digestible  carbohy- 
drates and  fat 

Total  digestible 
nutrients 
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Digestible 
protein 

Total    digestible 
nutrients 

Total    digestible 
nutrients 

lbs. 

lbs.      lbs. 

lbs. 

lbs. 

lbs.     lbs. 

lbs.    lbs.    lbs. 

lbs. 

%          %          %         % 

Precc 

(ding  i 

seryloe 

13 

24.9 

16.      2. 

13.7 

15.7 

28.7  18.5 

2.3  15.8  18.1 

868  +229  +287  +129  +178 

9 

19. 

12.3    1.6 

10.5 

12.1 

20.4  13.2 

1.7  11.3  13. 

932  +143  +186  +  65  +101 

Succc 

ceding 

service 

10 

17.6. 

11.3     1.45 

9.7 

ll.lf 

»  18.5  11.9 

1.55  10.2  11.75 

952  +121  +161  +  49  +  .82 

11 

22.8 

14.7    1.9 

12.6 

14.5 

22.4  14.5 

1.85  12.4  14.25  1,016  +164  +211  +  81  +121 

15 

15. 

9.7     1.25 

8.3 

9.5E 

>  13.5     8.7 

1.15    7.5    8.65  1,109  +  64  +  93  +     9  +  34 

Ave. 

18.1 

11.7    1.48  : 

LO. 

11.5 

17.6  11.2 

1.46    9.711.2 

1,039  +109  +145  +  41  +  73 

Stan( 

iard  ( 

maintenano 

B):  H 

aecke 

iv.  Savage, 

mc 

»difled  WolfE 

-Lehn 

laniip 

W< 

)11-Humphre 

y 

0.7             7.93 

1,000 

Stanc 

lards 

(malntenan( 

ce):  I 

Irmsl 

)y,  Eckles 

(c< 

inverted) 

0.595          6.48 

1,000 

Average  weights  for  successive  five-week  sub-periods  following 
service,  951,  954,  988,  1,060,  1,090,  1,108,  1,128  pounds.  Average 
weight  after  abortion,  990  pounds.  Approximate  weights :  aborted  calf 
95  pounds,  placenta,  etc.  45  pounds. 

Handling  the  above  data  (exclusive  of  IV.  4  and  5)  in  the  same 
manner  as  the  corresponding  material  in  Section  III  was  handled,  we 
have  the  following  tabular  statement: 
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Kcklea 

A  Armsby 

u 

c 

^^ 

u 

G 

1 

43  «^ 

o 

« 

od 

• 

9 

■^4 

9 

O  flS 

« 

fli 

p 

•e"^ 

2 

** 

** 

« 

k 

8? 

l« 

1 

81 

c 

•d 

•a 

ible 
es  a 

•0 

2 

es 

*i*i 

•al 

s 

•M4-' 

k 

•-« 

n 

B  d 

w^ 

eo 

n  d 

w^** 

■ 

1 

2i 

Siis 

r- 

es 

« 

«S 

£9 

to 

ion 

o 

is 

tura 

C^ 

y 

5 

S 

h 

H 

Q 

Q 

b 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Ita 

Altje 

Intake,  204  days 
Standard  maintenance 

2,326 

194 

1,265 

1,459 

2,326 

194 

1,265 

1,459 

at  1,320  pounds 

■   •  •  ■ 

188 

1,946 

2,137 

•  •  •  • 

160 

1,583 

1,744 

Remaining  for  foetal 

construction 

•  «  •  • 

+6 

—681 

—678 

•  •  «  • 

4-34 

—318 

-285 

60  pounds  ejecta 

•  •  •  • 

12 

5 

17 

•  •  •  • 

12 

5 

17 

Altje 

Intake,  205  days 
Standard  maintenance 

3,834 

312 

2,071 

2,388 

3,834 

312 

2.071 

2.3SS 

at  1,263  pounds 

•  •  •  • 

180 

1,853 

2,036 

•  •  •  • 

153 

1,509 

1,667 

Remaining  for  foetal 

construction 

■   •  ■  « 

4-132 

4-218 

4-352 

•  •  •  • 

4-169 

+562 

4721 

Ejecta — Data  unavailable. 

Sabra 

Intake,  254  days 

1,930 

173 

1,029 

1,207 

1,930 

173 

1,029 

i.2«j: 

, 

Standard  maintenance 

at  942  pounds 

•  •  •  « 

167 

1,730 

1,897 

•  •  •  • 

142 

1,407 

1.549 

Remaining  for  foetal 

construction 

•  •  •  • 

H-6 

—701 

—690 

•  •  •  ■ 

+31 

—378 

—342 

160  pounds  ejecta 

•  •  •  ■ 

32* 

13* 

45* 

•  •  ■  • 

32< 

13* 

«          43» 

Augusta 

Intake,  229  days 
Standard  maintenance 

2,450 

252 

1,351 

1,603 

2,450 

1      252 

1.351 

1.6 '3 

at  810  pounds 

*  •  •  • 

130 

1,342 

1,470 

•   •  •  • 

110 

1,090 

l,2i': 

Remaining  for  foetal 

construction 

•  •  •   •    ' 

-fl22 

4-9 

4-133 

•   ■  •   • 

+142 

+261 

4431 

90  pounds  ejecta 

•      •      *      A 

18 

8 

26 

•  •  •   ■ 

18 

8 

20 

Isadore 

Intake,  251  days 
Standard  maintenance 

4,543 

371 

2,510 

2,887 

4,543 

371 

2,610 

2is: 

at  952  pounds 

•  •  •  ■ 

167 

1,728 

1,895 

•  •  •  • 

142 

1,405 

1.549 

Remaining  for  foetal 

construction 

•  •  •  ■ 

+204 

4-728 

4-992 

•  •  • 

.  +229  +1.105  +1,»S 

110  pounds  ejecta 

■  •  •  • 

22 

10 

32 

•  ■  •  • 

22 

10 

i: 

^Doubtless  an  overstatement. 


The  conclusions  to  be  drawn  are  much  as  in  Section  III.  In  two 
instances,  Altje  (first  abortion)  and  Sabra,  there  was  a  decided  short- 
age of  carbohydrates  and  fat  and,  consequently,  of  total  digestible 
nutrients ;  yet  both  cows  did  admirably,  their  misfortune  and  low  plane 
of  nutrition  to  the  contrary  notwithstanding.  Plenty  of  digestible 
protein  was  always  available  to  supply  foetal  needs,  except  perhaps 
in  Sabra's  case. 

It  seems  fair  to  assume  that,  aside  from  the  drafts  made  on  the 
digestible  protein  intake  during  pregnancy,  which  in  the  last  section 
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(page  64)  was  stated  to  approximate  10  percent  of  the  gross  diges- 
tible protein  intake  in  case  the  cow  calved  at  full  time,  little  call  is  made 
upon  the  total  digestible  nutrient  food  intake  in  connection  with  fcetal 
construction  per  se  and  apart  from  the  call  made  thereon  by  the  meta- 
bolic processes  involved. 

The  pre-  and  post-parturition  histories  of  these  cows  and  of  two 
whose  data  are  not  included  for  reasons  heretofore  indicated  are  as 
follows : 

Altje  aborted  twice  (1910,  1914).  She  was  somewhat  underfed 
during  her  first  unsuccessful  gestation  (0  to  -f-%,  — %  to  — %).  Four 
months  after  abortion  she  was  served  and  calved  normally  ( 191 1 )  and 
calved  normally  once  again  (1912).  Following  her  first  abortion  for 
the  ensuing  six  months  she  averaged  daily  30.8  pounds  of  milk  and  a 
little  over  a  pound  of  fat.  She  was  vastly  overfed  during  the  second 
unsuccessful  gestation  (+%o  to-f-^%o,  +%  to+%);  but,  following 
her  second  abortion,  she  gave  very  little  milk,  ran  down  rapidly  and 
three  months  later  was  killed.     A  wire  was  found  in  her  liver. 

Nesbit  was  fed  a  sufficiency  of  protein  but  an  insufficiency  of  total 
digestible  nutrients  prior  to  service  and  a  decreasing  supply  of  food 
after  service,  decreasing  moreover  as  gestation  advanced,  averaging 
— V\2  to  +Mo»  — %  to  — %.  She  aborted  at  eight  and  a  half  months, 
but,  notwithstanding,  gave  15.5  pounds  of  milk  and  0.75  pounds  of 
fat  a  day  for  seven  months  following  abortion.  She  calved  normally 
twice  later  on  in  the  trials  but  gave  small  amounts  of  milk. 

Sabra  was  underfed,  as  compared  with  standards,  both  before 
and  after  service  (^5  4-34»  — H  — %)•  She  gave  during  the  five 
months  following  abortion  an  average  of  22  pounds  of  milk  a  day  and 
1.2  pounds  fat,  notwithstanding  the  low  plane  of  her  previous  nutri- 
tion and  her  misfortune.  Later  she  dropped  two  calves  at  full  time 
and  remained  for  three  more  years  in  service  in  the  trials. 

Augusta,  fed  an  ample  ration  (-)-%  +%,  +^^3  -fH),  gave  a 
small  amount  of  milk  for  five  months  and,  being  along  in  years,  was 
sold.  •  ^^ 

Isadore,  fed  a  decidedly  insufficient  ration  for  more  than  a  year — 
assuming  that  her  weight  was  about  as  it  had  been  earlier  and  later — 
aborted  in  1918  and  again  19  months  later,  in  1920.  She  gave  a  fair 
amount  of  milk  following  her  first  abortion,  but,  although  very  heavily 
fed  before  and  after  service  in  1919-20  (+^%o  +^%,  +%  +%),  she 
gave  only  about  11  pounds  of  milk  daily  after  her  second  mishap. 
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V-VII.     MAINTENANCE  AND  LACTATION 
V.     Maintenance  and  Lactation  for  Less  than  12  Months 

Nine  cows  contributed  testimony  to  this  phase  of  the  study,  three 
twice  and  two  thrice,  a  total  of  16  records.  Three  were  grade  Hol- 
steins,  five  grade  Jerseys,  and  one  a  registered  Ayrshire. 

In  Sections  V-VIII,  inclusive,  owing  to  the  introduction  of  the 
milk  factor  into  the  equation  and  the  consequent  increased  complexity 
of  the  tabular  matter,  it  has  seemed  best  to  simplify  the  statement  of 
food  intake  and  to  omit  the  statements  of  "total  dry  matter,"  "digest- 
ible dry  matter"  and  "digestible  carbohydrates  and  fat,"  stating  simply, 
the  "digestible  protein"  and  the  "total  digestible  nutrients."  Of  course 
the  latter  figure  is  always  practically  identical  with  the  "digestible 
dry  matter" ;  and  "digestible  carbohydrates  and  fat"  can  always  be  de- 
termined by  subtraction  by  any  one  who  may  happen  to  be  interested. 

V.  1.  Altje,  grade  Holstein,  10  years  old,  was  in  milk  76  days 
subsequent  to  calving  and  prior  to  service,  September  17-December  4. 
1911.     She  was  fed  a  nearly  uniform  medium  protein  ration  as  follows: 

Weeks      Hay         Sila^re        Grain  Weeks       Hay         Silage        Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

8  12  30.  9.9  3  12.  36.  10. 

This  ration  carried  per  1,000  pounds  of  live  weight,  2.05  pounds 
digestible  protein  and  13.7  pounds  total  digestible  nutrients  and,  ac- 
tually, 2.55  and  17.1  pounds  respectively.  She  averaged  35  pounds  of 
milk  and  1.17  pounds  fat  and  maintained  a  closely  even  weight,  gaining 
slightly.     Her  comparison  statements  follow : 

Haecker  Savage  Eckles 

(converted) 

Total  Total  Totn! 

Digestible    digestible     Digestible    digestible     Digestible  dif?e$tib« 
protein      nutrients        protein        nutHents        protein      nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  l^ 

Maintenance,  1,245  pounds..  0.87  9.87  0.87  9.87  0.741  S.'V 

MUk,  36  pounds,  3%% 1.68  10.47  2.065  10.61  2.135  10:2 

Total  maintenance  and  milk 

(calculated)    2.55  20.34  2.935  20.48  2.876  IS.^ 

Total  maintenance  and  milk 

(actual)     2.55  17.1  2.55  17.1  2.55  17.1 

±     0  —16           —13  —17           —11 — g 

Armsby  (cony.)  standard'.       2.578  2M      —  1%  16.61  173  +T 

^  As  is  explained  at  some  length  on  page  21,  the  Armsby  data  are  printed  in 
this  fashion  throughout  the  discussion  on  pages  74  to  139  (.sections  V>V1II)  in 
order  to  secure  perpendicularity  of  tabular  matter.  The  six  figures  from  left  to 
right  represent,  respectively,  2.578,  the  calculated  digestible  protein,  stated  as 
pounds,  needed,  according  to  Armsby.  for  maintenance  and  milk  manufacture  by  a 
1.245-pound  cow  yielding  35  pounds  of  3^4  percent  milk;  2.55  the  actual  usaire. 
stated  as  pounds,  by  the  cow ; — 1  percent,  the  percentage  difference  between  2.r)7S 
and  2.55  ;  16.61,  the  calculated  digestible  dry  matter  needed,  according  to  Armsby. 
for  the  maintenance  and  milk  manufacture,  stated  as  pounds,  by  a  1,245-pound  cow 
yielding  35  pounds  of  3%  percent  milk;  20.77,  the  actual  usage,  stated  as  pounds, 
by  the  cow;  +28  percent,  the  percentage  differences  between  16.28  and  20.77.  The 
figures  are  precisely  analogous  to  those  in  the  three  lower  horizontal  lines. 
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Her  digestible  protein  and  total  digestible  nutrient  intakes  were 
respectively  from  0  to  %  and  from  0  to  %  deficient.  In  spite  of  the 
constant  display  of  minus  signs  her  production  record  was  good. 

V.  2.  BoNTjE,  grade  Holstein,  five  years  old,  was  in  milk  154 
days  subsequent  to  calving  and  prior  to  service,  October  24,  1907-March 
26,  1908.  Her  low  protein  ration  was  increased  slightly  as  lactation 
advanced  but  remained  fairly  constant  after  the  first  week,  increases 
being  within  a  5  percent  limit  of  variation.     Her  feeding  record  was : 

Weeks      Hay         Silage        Grain  Weeks      Hay         Silage       Grain 

lbs.  Iba.  lbs.  lbs.  lbs.  lbs. 

3  15.3  33.  9.1  7  16.  40.  11.4 
12          16.             33.3          13. 

She  ate  per  1,000  pounds  live  weight  1.73  pounds  digestible  protein 
and  17.2  pounds  total  digestible  nutrients  and,  actually,  2.09  and  20.77 
pounds.     Her  comparison  statements  follow : 

Haecker  -  Savage  Eckles 

(converted) 

Total  Total  Total 

Digestible   digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  1,211  pounds..  0.848  9.60  0.848  9.60  0.721  7.86 

Milk,  34.6  pounds,  3%%...  1.661  10.31  2.041  10.48  2.111  10.10 
Total  maintenance  and  milk 

(calculated)    2.509  19.91  2.889  20.08  2.832  17.95 

Total  maintenance  and  milk 

(actual)     2.09  20.77  2.09  20.77  2.09  20.77 

±     —17  +4           —28  4-4           —26  +16 

Armsby  (conv.)  standard..       2.540  2^09      —18%  16.28  20.77        +28% 

Bontje's  digestible  protein  intake  was  sub-standard,  the  deficiency 
ranging  from  %  to  %o>  but  her  total  digestible  nutrient  consumption 
exceeded  standard  requirements  by  from  %5  to  %o-  She  gained  4 
percent  in  live  weight  during  the  five  months  and  seemingly  had  enough 
to  eat  in  view  of  her  good  milk  and  fat  yields,  34.6  and  1.12  pounds 
respectively. 

V.  3.  BoNTjE,  grade  Holstein,  11  years  old,  was  in  milk  for  99 
days  subsequent  to  calving  and  prior  to  service,  June  5-September  15, 
1914.  She  was  fed  an  essentially  unchanged  low  protein  ration  in  so 
far  as  its  content  of  digestible  nutrients  was  concerned.  Her  feeding 
record  was : 

Weeks      Hay  Silage  Grain  Weeks      Hay  Silage  Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

4  10.  30.  6.6  3  8.  30.  7.9 
8             8.             30.            9. 

After  the  first  three  days  in  milk  her  ration  averaged  per  1,000 
pounds  live  weight  1.41  pounds  digestible  protein  and  12.25  pounds 
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total  digestible  nutrients  and,  actually,  1.53  and  13.3  pounds.  She  ate 
much  less  and  gave  less  and  poorer  milk  than  during  the  V.  2  trial 
just  discussed,  averaging  25  pounds  of  milk  and  0.69  pounds  of  fat. 
Her  c5mparison  statements  follow : 

Haecker  Savagre  Bckles 

(converted) 

Total  Total  Total 

Digestible    digestible    DigesUble    digestible    Digestible  digesubl: 
protein      nutrients        protein        nutrients        protein      nutritrti 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  1,086  pounds..  0.76  8.60  0.760  8.60  0.646  7.03 

Milk,  25  pounds,  2%% 1.16  6.73  1.375  6.80  1.475  6.80 

Total  maintenance  and  milk 

(calculated)   1.92  15.33  2.135  15.40  2.121  13.83 

Total  maintenance  and  milk 

(actual)  1.53  13.3  1.53  13.3  1.53  US 

±     —20  —13           —28  —14           —28  -4 

Armsby  (conv.)  standard..       1.896  Tss      —19%  12.48  isl  +  T^c 

As  is  pointed  out  above,. Bontje  ate  only  two-thirds  as  much  as  in 
the  V.  2  trial  and  gave  only  two-thirds  as  much  milk  and  of  poorer 
quality.  Furthermore,  she  lost  4  percent  in  live  weight  instead  of 
gaining  4  percent.  Her  food  intake  was  sub-standard  to  the  extent  of 
%  to  %o  iii  respect  to  digestible  protein  and  was  from  3^4  excessive  to 
%  deficient  in  its  total  digestible  nutrient  contents,  according  to  the 
standard  used.  She  does  not  seem  to  have  had  a  fair  chance  to  do 
good  work.  She  dried  off  more  promptly  than  usual  and  at  the  next 
calving  lost  a  quarter  of  her  udder  and  was  discarded. 

V.  4.  *  DuRTjE,  grade  Holstein,  nine  years  old,  was  in  milk  232 
days  subsequent  to  calving  and  prior  to  service,  October  20,  1910,  to 
June  9,  1911.  Her  high  protein  ration  varied  somewhat  as  to  the 
digestible  nutrients  contents,  extremes  being  about  15  percent  apart. 
However,  excluding  the  first  two  and  last  seven  weeks,  the  food  intake 
was  very  uniform.     Her  feeding  record  was: 

Weeks      Hay  Silasre  Grain  Weeks  Hay  Silage  Grain 

Iba.  lbs.  lbs.  lbs.  lbs.  Iba. 

2          14.            85.             7.2  14  15.            40.            9.5 

10          15.            36.            10.  7  12.            40.            9. 

She  averaged  to  eat  per  1,000  pounds  of  live  weight  2.58  pounds 
digestible  protein  and  14.6  pounds  total  digestible  nutrients  and,  ac- 
tually, 3.33  and  18.8  pounds.  Her  daily  average  yields  were  31.8 
pounds  milk  and  1.08  pounds  fat,  and,  during  the  first  20  weeks,  35.8 
and  1.23  pounds.  Her  live  weight  was  closely  consistent  throughout 
the  entire  course  of  the  trial.  Her  comparison  statements— excluding 
the  first  week — follow : 
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n 


Haecker 


Savaire 


Total  Total 

Diirestible   digestible     Digestible    digestible 

nutrients 


protein 
lbs. 

0.903 
1.558 


Maintenance,  1,290  pounds.. 

Milk,  31.8  pounds,  3^^% 

Total  maintenance  and  milk 

(calculated)   2.461 

Total  maintenance  and  milk 

(actual)  3.33 

±    +35 


nutrients 
lbs. 

10.23 
9.95 

20.18 

18.8 

—7 


protein 
lbs. 

0.903 
1,940 

2.843 

3.33 

+17 


lbs. 

10.23 
10.14 

20.37 

18.8 
—8 


Eckles 
(converted) 

Total 
Digestible    digestible 
protein       nutrients 

lbs.  lbs. 

0.768  8.36 

1.972  9.60 


2.74 

3.33 

+22 


17.96 

18.8 

+5 


Armsby  (conv.)  standard..       2.485 


3.33       +34% 


1G.53 


18.8 


+14% 


Durtje's  digestible  protein  intake  exceeded  standard  requirements 
by  %  to  %,  while  her  total  digestible  nutrient  consumption  varied  from 
y^i  excess  to  %4  deficiency.     She  seems  to  have  had  quite  enough. 

V.  5.  Hazel  K.,  grade  Jersey,  four  years  old,  was  in  milk  327 
days,  August  22,  1917  to  July  14,  1908,  and  then  went  dry  while  farrow. 
Her  low  protein  ration  varied  considerably  as  appears  below,  being 
curtailed  as  she  advanced  in  lactation. 


eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 
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Her  food  intake,  milk  and  fat  yield  statements  and  comparison 
with  standard  dicta  expressed  in  terms  of  percentages,  plus  or  minus 
as  the  case  may  be,  are  shown  below '} 
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—  5  to  —17 

+  7  to  +29 

18 

977 

1.8 

17.9 

1.85 

18.3 

19.7 

1.03 

—  6  to  —16 

+12  to  +35 

6 

1,001 

1.55 

16. 

1.55 

16. 

10.8 

0.61 

+  1  to  +14 

+27  to  +51 

4 

1,003 

1.3 

14.45 

1.3 

14.4 

7.4 

0.39 

+  4  to  +19 

+31  to  +58 

12 

1,013 

1.1 

12.6 

1.1 

12.5 

5.5 

0.3 

0  to  +12 

+22  to  +47 

Ave. 

984 

1.55 

15.85 

1.59 

16.2 

14.4 

0.74 

0  to  —12 

+15  to  +38 

Her  comparison  statements,  dealing  with  the  entire  feeding  period 
as  a  unit,  are  as  follows : 

*  Data  such  as  are  presented  in  the  subjoined  table  are  furnished  only  when 
considerable  variation  occurred  in  the  nutrient  intake  as  the  trial  progressed. 
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Haecker 

Total 
Digestible    digestible 
protein      nutrients 


Savage 


lbs. 

0.689 
0.892 


Maintenance,  984  pounds . . . 

Milk,  14.4  pounds,  b%% 

Total  maintenance  and  milk 

(calculated)    1.581 

Total  maintenance  and  milk 

(actual)   1.55 

-+-  —2 


lbs. 

7.81 
5.92 

13.73 

15.85 

+15 


Total 

Digestible    digestible  Digestible 

protein        nutrients  protein 

lbs.               lbs.  lbs. 

0.689            7.81  0.585 

1.081             6.01  1.106 


E«ckles 
(converted) 

Total 


1.77 

1.55 
-12 


13.82 

15.85 

+15 


1.691 

1.55 
—8 


digestible 
nutrients 

lbs. 

6.38 

5.92 

12.30 

15.85 
+29 


Armsby  (conv.)  standard..       1.557  1.55  0  11.46  15.85        +387o 

Hazel  K.  gave  a  fair  yield — 14.4  pounds  of  milk  and  0.74  pounds  of 
fat — and  gained  nearly  10  percent  in  live  weight.  She  always  had 
enough  to  eat,  so  far  as  total  digestible  nutrients  were  concerned, 
though  at  best  a  bare  sufficiency  of  digestible  protein,  the  figures  being 
for  digestible  protein  and  total  digestible  nutrients  respectively  from 
0  to  %  deficiency,  from  %  to  %  excess.  Her  protein  shortage  oc- 
curred during  the  first  half  of  the  period  only.  Her  considerable  gain 
in  live  weight  testifies  to  her  ample  feeding. 

V.  6.  Hazel  K.,  grade  Jersey,  seven  years  old,  was  in  milk  for 
189  days  subsequent  to  calving  and  prior  to  service,  August  31,  1910  to 
March  8,  1911,  being  fed  the  low  protein  ration.  Her  food  intake  was 
reasonably  uniform,  except  that  for  a  month  at  the  outset  it  was  but 
three- fourths  that  of  the  ensuing  five  months,  being  as  follows: 

Weeks      Hay         Silage       Grain  Weeks 

lbs.  lbs.  lbs. 

4  12.  12.5  7.3  23 

She  averaged  to  eat  actually  and  per  1,000  pounds  of  live  weight 
and  to  yield  in  milk  and  fat,  during  the  initial  and  the  following  five 
months — the  latter  treated  as  a  unit — ^the  amounts  indicated  below. 
The  table  also  sets  forth  the  usual  comparisons  with  standards. 
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Weeks       lbs.        lbs.       lbs.  lbs.       lbs.  lbs.        lbs. 

4  1,005       1.45     12.9  1.45     12.85       19.5      0.99 

23  948      1.7       15.7  1.8      16.6        19.6       1.07 


%  % 

—23  to  —23 
—11  to  —22 


rt 


—  2  to  —IS 

—  2  to  -f  18 


Ave. 


957       1.67     15.25        1.75     15.9        19.6       1.06 


-13  to  —23 


—  5  to  -f  14 
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Haeckcr  Sava^^e  Eckles 

(converted) 

Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.                 lbs.  lbs.                 lbs.  lbs. 

Maintenance,  957  pounds...      0.67  7.59  0.67  7.59  0.569  6.20 

Milk,  19.6  pounds,  5  Mi %••..      1-254  8.31  1.509  8.45  1.548  8.47 
Total  maintenance  and  milk 

(calculated)    1.924  15.9  2.176  16.04  2.117  14.67 

Total  maintenance  and  milk 

(actual)   1.G7  15.25  1.67  15.25  1.67  15.25 

±     —13  —4           —23  —5           —21  +4 

Armsby  (conv.)  standard..       1.921  TcT      —13%  13.35  15.25         +14% 

The  COW  was  fed  a  %  heavier  ration  after  the  first  month  elapsed 
than  during  the  first  month  and  gave  throughout  the  five  months  of 
heavier  feeding  as  much  milk  and  more  fat  as  during  her  first  month ; 
but  she  shrank  5  percent  in  live  weight  in  doing  it.  She  ate  on  the 
average  from  %  to  ^4  too  little  digestible  protein  and  from  %o  de- 
ficiency to  Vr  excess  of  total  digestible  nutrients ;  but  during  her  first 
month  in  lactation  digestible  protein  was  %  to  %  and  total  digestible 
nutrient  0  to  %  or  more  lacking.  In  view  of  her  restricted  ration  her 
average  daily  milk  and  fat  yields  were  quite  satisfactory. 

V.  7.  Hazel  K.,  grade  Jersey,  nine  years  old,  was  in  milk  56 
days  subsequent  to  calving  and  prior  to  service,  December  15,  1911  to 
February  9,  1912.     She  was  fed  a  low  protein  ration,  as  follows : 

Weeks      Hay  Sllasre        Grain  Weeks       Hay         Silagre        Grain 

lbs.  lbs.  lbs  lbs.  lbs.  lbs. 

1  10.  20.  8.6  7  10.  30.  8.6 

Her  ration  afforded  per  1,000  pounds  live  weight  1.74  pounds 
digestible  protein  and  15.7  pounds  total  digestible  nutrients  and  ac- 
tually, 1.56  and  14  pounds.  She  gave  24.3  pounds  milk  and  1.13 
pounds  fat  daily  during  these  two  months  and  maintained  an  essentially 
unchanged  live  weight.  However,  after  service  she  dried  oflF  some- 
what quickly  and  gave  all  told  only  4,700  pounds  of  milk  and  177 
])ounds  of  fat  during  the  lactation.     Her  comparison  statements  follow : 

Haecker  Savage  Eckles 

(converted) 

Total  Total  Total 

Dlgrestible    digestible     Digrestible    digestible     Digestible    digestible 
•  protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  894  pounds  . .      0.626  7.09  0.626  7.09  0.532  5.79 

Milk,  24.3  pounds  414%....      1385  9.04  1.677  9.21  1.677  8.65 
Total  maintenance  and  milk 

(calculated)    2.011  16.13  2.303  16.3  2.209  14.44 

Total  maintenance  and  milk 

(actual)     1.56  14.  1.56  14.  1.56  14. 

±:    —22  —13           —32  —14           —29  —3 

Armsby  (conv.)  standard..       2.039  1^56      —24%  13.42  U,  +  5% 
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Hazel  K.  ate  from  Yr^  to  %  too  little  digestible  protein  and  from 
%  too  little  to  %o  too  much  total  digestible  nutrients.  She  did  well 
during  these  two  months,  notwithstanding  a  somewhat  scanty  ration 
which  not  unlikely  may  have  been  a  prime  factor  in  her  rapid  drying 
off  and  relatively  small  total  milk  yield. 

V.  8.  Jane,  grade  Jersey,  four  years  old,  a  small  cow,  was  in 
milk  for  335  days  subsequent  to  calving,  August  7,  1907  to  July  9,  1908, 
and  went  dry  while  farrow.  She  was  fed  the  high  protein  ration  as 
follows : 


eeks 

Hay 

Silage 

Grain 

Weelw 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

10 

25. 

— 

9. 

5 

8. 

20. 

6. 

5 

12. 

31. 

9. 

6 

8. 

20. 

4.6 

6 

8. 

25. 

•  9. 

16 

8. 

20. 

3.8 

She  left  large  amounts  of  food  uneaten.     Her  food  intakes,  milk 
and  fat  yields  and  comparison  statements  follow : 
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%            % 
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+40  to  +62 

+21  to   +46 
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+34  to  +53 

+14  to   +30 
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+48  to  +68 

+11  to   +33 

5 

785 

1.9 

10.8 

2.4 

13.8 

10.5 

0.6 
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794 

2.02 

12.35 

2.55 

15.6 
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+35  to  +54 

+  7  to   +29 

Haecker 


Digestible 
protein 

lbs. 
Maintenance,  794   pounds..      0.556 
Milk,  12.15  pounds,  5V2%..      0.777 
Total  maintenance  and  milk 

(calculated)    1.333 

Total  maintenance  and  milk 

(actual)   2.02 

±    +62 

Armsby  (conv.)  standard..       1.31 


Total 
difrestible 
nutrients 

lbs. 

6.30 
5.15 

11.45 

12.35 

+8 


Savage  Eckles 

(converted) 

Total  Total 

Digestible    digestible     Digestible    disestillf 
protein        nutrients        protein       nutrieim 

lbs.  lbs.  lbs.  IlM. 


0.556 
0.935 

1.491 

2.02 
+35 


6.30 
5.24 

11.54 

12.35 

+7 


0.471 
0.960 

1.431 

2.02 
+42 


5.15 
6.25 

10.4 

12.35 
+19 


2.02       +54% 


9.58 


12.35 


+29*7, 
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Obviously,  Jane  was  greatly  overfed,  the  surplusages  in  digestible 
protein  and  total  digestible  nutrients  respectively  being  from  %  to  % 
and  %4  to  %o ;  yet,  notwithstanding,  she  made  only  a  little  milk  and 
fat,  daily  averages  of  12.15  and  0.68  pounds  respectively  during  11 
months  and  yielding  all  told  only  4,089  and  227  pounds  respectively. 
Furthermore,  no  cow  in  the  long  series  of  years  maintained  a  more 
consistent  live  weight.     It  is  not  clear  what  she  did  with  her  food. 

V.  9.  Jane,  grade  Jersey,  seven  years  old,  was  in  milk  for  173 
days  subsequent  to  calving  and  prior  to  service,  June  15-December  5, 
1910.     She  was  fed  the  high  protein  ration  as  shown  below : 
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Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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1.25 

+  4  to  +20 

—  8  to  +12 
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—  1  to  +27 
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21.3 

1.21 
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+  8  to  +26 

Ave. 

851 

2.6       16.1           3.06     19. 

25. 

1.21 

+  8  to  +24 

—  5  to  +15 

Haecker  Savage  Eckles 

(converted) 

Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  851  pounds...      0.596  6.75  0.596  6.75  0.506  5.51 

Milk,  25.  pounds,  5% 15  9.95  1.825  10.13  1.850  9.73 

Total*  maintenance  and  milk 

(calculated)    2.096  16.7  2.421  16.88  2.356  15.24 

Total  maintenance  and  milk 

(actual)   2.6  16.1  2.6  16.1  2.6  16.1 

±: +24 —4  +7  —5            +10 +6 

Armsby    (conv.)    standard.      2.156  2l        +21%  14.01  16l  +15% 

Jane  was  fed  more  digestible  protein  than  she  needed   (  +  Vi4  ^^ 
+%)  and  as  much  or  more  total  digestible  nutrients  than  she  needed 
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( — V20  to  +^/4).    She  kept  up  her  milk  flow  and  gained  6  percent  in 
live  weight.    Jane  did  well  with  her  food. 

V.  10.  Sabra,  grade  Jersey,  four  years  old,  was  in  milk  329 
days  subsequent  to  calving,  August  14,  1907  to  July  12,  1908,  and  went 
dry  while  farrow.  Her  feeding — the  medium  protein  ration — was  quite 
diverse  as  is  shown  by  the  following  statement : 

Weeks      Hay         Silase       Grain  Weeks 
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8 
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12. 
12. 
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lbs. 

30. 
30. 
28. 
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lbs. 

5. 

3.6 

2.7 


Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Haecker  Savage 

Total  Total 

Digestible    digestible  Digestible  digestible 

protein      nutrients  protein  nutrients 

lbs.              lbs.  lbs.  lbs. 

Maintenance,  887  pounds...      0.621            7.03  0.621  7.03 

Milk,  10.55  pounds,  6^%..      0.733            4.91  0.875  4.96 
Total  maintenance  and  milk 

(calculated)    1.354          11.94  1.496  11.99 

Total  maintenance  and  milk 

(actual)  1.82            15.  1.82  15. 

±    +35              +26  +21  +25 

Armsby  (conv.)  standard..       1.314            r82  +38%  10.00 


Bckles 
(converted) 

Tota! 
Digestible    digrest.bN 
protein       nutrien* 

lbs.  lbs. 

0.528  5.7S 

0.907  5.41 


1.435 

1.82 

+27 


11.1»' 


15. 
+34 


15. 


+50''r 


Sabra  was  greatly  overfed,  as  judged  by  standards,  receiving  from 
%  to  %  too  much  digestible  protein  and  from  ^/^  to  %  too  much  total 
digestible  nutrients;  yet  she  made  but  little  milk,  on  the  average  10.55 
pounds  milk  and  0.67  pounds  of  fat,  and  only  3,519  and  223  pounds 
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during  the  lactation.  However,  she  gained  somewhat  in  live  weight, 
about  5  percent  during  the  first  half  of  the  lactation  and  2  percent 
more  at  its  close.  She  consumed  considerably  more  food  than  she 
should  have — as  judged  by  standards — in  view  of  her  low  yield  and 
not  very  large  gain  in  weight. 

V.  11.  Sabra,  grade  Jersey,  eight  years  old  was  in  milk  for  160 
days  subsequent  to  calving  and  prior  to  service,  July  14  to  December  26, 
1911.  Her  medium  protein  ration  was  an  almost  absolutely  uniform 
one.     Her  feeding  record  was  : 

Weeks      Hay         Silage        Grain  Weeks       Hay         Silage       Oraln 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

7  10.  30.  8  16  10.  30.  8.6 

Her  comparison  statements  follow : 

Haecker  Savage  Eckles 

(converted) 

Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs.    •  lbs.  lbs. 

Maintenance,   863   pounds..  0.604  6.84  0.604  6.84  0.513  6.59 

MHk,  20.1  pounds,  5^% 1.286  8.52  1.548  8.66  1.590  8.68 

Total  maintenance  and  milk 

(calculated)    1.89  15.36  2.152  15.5  2.103  14.27 

Total  maintenance  and  milk 

(actual)     2.12  14.85  2.12  14.85  2.12  14.85 

It    +12  —3  —1  —4  +1  +4 


Armsby  (conv.)  standard..       1.901  2.12       +12%  12.93  14.85         +15% 

Sabra  averaged  20.1  pounds  of  milk  and  1.07  pounds  fat  during 
the  five  and  one-half  months  and  she  gained  about  5  percent  in  live 
weight.  She  ate  enough  digestible  protein  (0  to  +%)  and  received 
from  a  slight  deficiency  ( — %3)  to  a  fair  surplus  (+34)  of  total 
digestible  nutrients,  according  to  the  standard  with  which  her  nutrient 
intake  is  compared.     She  did  fairly  well  with  what  she  had  to  eat. 

V.  12.  Evelyn,  grade  Holstein,  five  years  old,  was  in  milk  213 
days  subsequent  to  calving  and  prior  to  ineffective  service,  September 
29,  1912,  to  May  2,  1913,  which  occurred  coincident  with  drying  off. 
She  was  fed  the  low  protein  ration,  her  rations  changing  as  follows: 


eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

2 

8. 

15. 

7.6 

5 

12. 

36. 

7.6 

5 

10.5 

30. 

8. 

5 

12. 

36. 

6.6 

5 

12. 

36. 

9.3 

3 

11.7 

36. 

2.8 

5 

14. 

36. 

8.6 

Her  food  intake  and  milk  and  fat  yields  and  comparison  data 
follow : 
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Weeks 

2 
6 
5 
5 
5 
5 
3 


lbs. 

950 
950 
997 
1,027 
1,058 
1.096 
1,141 


lbs. 

1.25 

1.5 

1.75 

1.75 

1.6 

1.45 

1.15 


lbs. 

10.8 

14. 

16.3 

17.1 

15.5 

14.5 

12.7 


lbs. 

1.35 

1.6 

1.75 

1.7 

1.5 

1.3 

1. 


lbs.  lbs.  lbs.  %            % 

11.4  30.8  1.42  —28  to  —37 

14.7  26.9  1.06  —29  to  —38 

16.3  22.2  0.87  —  7  to  —18 

16.7  19.9  0.79  —  1  to  —12 

14.6  12.9  0.54  0  to  +13 

13.2  5.2  0.23  +30  to  +49 

11.1  2.1  0.08  +23  to  +46 


Ave.      1,032      1.55     14.9 


1.5      14.4 


16.8       0.69 


—  3  to  —16 


c 

« 


9 

«  S 
mj  IB 

if- 
^  O 


% 

—32 
—  3 

+  4 
+14 
+19 
+36 
+30 


*'c 


to  -44 

to  —18 
to  +2« 
to  -38 
to  in 
to  +63 
to  +61 


+  4  to  -r28 


Haecker 


Savage 


Digestible 
protein 

lbs. 

Maintenance,  1,032  pounds. .  0.723 

Milk,  16.8  pounds,  4^%...  0.932 
Total  maintenance  and  milk 

(calculated)   1.655 

Total  maintenance  and  milk 

(actual)    1.55 

±    —6 

Armsby  (conv.)  standard..      1.622 


Total 
digestible 
nutrients 

lbs. 

8.18 
6.01 

14.19 


Digestible 
protein 

lb& 

0.723 
1.126 

1.849 


EScklea 
(converted) 

Total  Total 

digestible     Digestible   diges^  U« 
protein 

lbs. 

0.614 
1.126 


nutrients 
lbs. 

8.18 
6.13 


nutne:  1j 

Ibi. 

6.69 

5.71 


14.9 

+5 


1.55 
—17 


14.31 

14.9 

+4 


1.740 

1.65 
—11 


12.40 

14  » 

+20 


1.55      —  4% 


11.72 


14.9 


+2S' 


Evelyn  was  underfed  during  the  initial  seven  weeks  but  sufficiently 
fed  the  remaining  23  weeks  ( — %  to  +%,  +%5  to  +%).  Her 
average  intakes  were  — %3  to  — Y^,  + /45  to  +%o«  She  only  made  an 
average  of  16.8  and  0.69  pounds  respectively  of  milk  and  fat  and  a 
total  during  the  entire  lactation  of  3,610  and  141  pounds.  She  con- 
sistently gained  in  live  weight,  closing  the  seven  months  weighing 
almost  200  pounds  more  than  at  the  outset,  a  gain  of  20  percent  in 
live  weight.  Evelyn  was  always  an  inferior  animal  and  was  kept 
simply  because  of  the  exigencies  of  the  trial. 

V.  13.  Lanta  2nd,  registered  Ayrshire,  four  years  old,  was  in 
milk  for  316  days  subsequent  to  calving,  August  20,  1912  to  July  3. 
1913,  drying  off  while  farrow.  She  shrank  rapidly  in  milk  flow  from 
the  very  outset,  giving  only  two-thirds  the  initial  flow  two  months  and 
only  two-fifths  the  initial  flow  three  months  after  calving.  G)nse- 
quently  she  was  given  a  decreasing  medium  ration  as  follows : 
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ieka 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

1 

6. 

15. 

5. 

7 

7.6 

15. 

8. 

5 

10. 

30. 

9.6 

6 

10. 

30. 

7. 

5 

10. 

30. 

4. 

Weeks 

5 
5 
5 
5 
2 


Hay 
lbs. 

10. 
10. 

9. 

7. 

4. 


Silage 
lbs. 

30. 
30. 
30. 
14. 
8. 


Grain 
lbs. 

3. 

2.6 

2.2 

1.2 

0.6 


Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.  • 

lbs. 

lbs. 

%            % 

%             % 

1 

1.045 

1.35 

9.2 

1.3 

8.8 

20. 

0.75 

—23  to  —32 

—25  to  —39 

7 

1,045 

1.9 

10.8 

1.8 

10.3 

29.8 

1.06 

—13  to  —25 

—26  to  —39 

5 

999 

2.25 

14.45 

2.25 

14.45 

16.6 

0.57 

+30  to  H-51 

+11  to  +34 

5 

1,020 

1.85 

13.2 

1.8 

12.9 

11.6 

0.40 

+30  to  +50 

+12  to  +37 

5 

1,054 

1.35 

11.5 

1.3 

11. 

9.2 

0.28 

+  5  to  +23 

+  3  to  +28 

10 

1,076 

1.2 

10.9 

1.1 

10.2 

7.5 

0.23 

0  to  +17 

+  1  to  +25 

5 

1,116 

1.05 

9.8 

0.95 

8.8 

5.8 

0.18 

—  6  to  +  9 

—  8  to  +14 

5 

1,080 

0.65 

6.35 

0.6 

5.9 

4.8 

0.17 

—28  to  —38 

—23  to  —37 

2 

1,036 

0.4 

3.65 

0.4 

3.5 

3.9 

0.13 

—54  to  —62 

—53  to  —61 

Ave.      1,066      1.41     10.58        1.34     10.1        12.25     0.42        —  5  to  —  9 


+  6  to  —14 


Haecker  Savage 

Total  Total 

Dierestlble    digestible  Digestible  digestible 

protein      nutrients  protein  nutrients 

lbs.              lbs.  lbs.  lbs. 

Maintenance,  1,055  pounds..      0.739            8.37  0.739  8.37 

Milk,  12.25  pounds,  8%%..  0.600  3.83  0.747  3.91 
Total  maintenance  and  milk 

(calculated)    1.339          12.2  1.486  12.28 

Total  maintenance  and  milk 

(actual)  1.41            10.58  1.41  10.58 

±     +5            —13  —5  —14 

Armsby  (conv.)  standard..       1^29              lAl  +  9%  9^98 


Eckles 
(converted) 

Total 
Digestible    digestible 
protein       nutrients 

lbs.  lbs. 

0.628  6.84 

0.760  3.70 


1.388 

1.41 

+2 


10.54 


10.58 
0 


10.58         +  6% 


Lanta  2nd's  ration  for  eight  weeks  was  scanty  ( — %  to  — %o> 
— y^o  ^'-'  — %o)'  No  wonder  she  shrank  heavily  in  milk  yield  as  is 
indicated  above  and  gave  only  3,888  pounds  milk  and  132  pounds  fat 
in  I0y2  months,  or  12.25  and  0.42  pounds  daily.  Her  ration  was  in- 
creased at  the  end  of  two  months  but  too  late  to  keep  her  at  her  best 
and  she  placed  the  surplus  food  on  her  back  rather  than  in  the  pail. 
Her  average  ration  was  from  — %o  deficient  to  4-M0  excessive  in 
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respect  to  digestible  protein  and  from  %o  ^'g^  ^o  %  low  in  respect  to 
total  digestible  nutrients.  She  lost  flesh — 5  percent — during  the  third 
month,  regained  it  and  forged  ahead,  weighing  at  the  end  of  eight  and 
one-half  months  10  percent  more  than  at  the  end  of  the  third  month. 
However,  reduced  to  a  very  small  food  intake  during  the  last  seven 
weeks,  she  lost  most  of  what  she  had  gained. 

V.  14.  Nesbit,  grade  Jersey,  five  years  old,  was  in  milk  for  282 
days  subsequent  to  calving  and  dried  off  while  farrow,  December  22, 
1912  to  October  2,  1913.  She  was  fed  the  high  protein  ration  in 
succeeding  weeks  as  follows : 


eeks 

Hay 
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lbs. 

lbs. 
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lbs. 

lbs. 
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8. 
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6. 
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8. 
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5 
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30. 

3. 

Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

%            % 

%             * 

5 

906 

2.35 

14.15 

2.6 

15.6 

25.3 

1.11 

—■  1  to  4-13 

—16  to  +  3 

10 

935 

2.6 

14.9 

2.75 

15.9 

16.4 

0.88 

+36  to  +54 

—  3  to  +24 

5 

957 

2.25 

13.25 

2.35 

13.85 

13.2 

0.72 

+33  to  +52 

0  to  +20 

5 

961 

1.9 

12.05 

2. 

12.55 

10.6 

0.66 

+27  to  +40 

—  4  to  +15 

10 

979 

1.65 

11.2 

1.7 

11.5 

7.7 

0.45 

+26  to  +46 

—  1  to  +21 

5 

1,024 

1.25 

9.9 

1.2 

9.7 

2.5 

0.15 

+36  to  +58 

+  7  to  +30 

Ave. 


960       2.03     12.7 


2.14     13.3         12.45     0.66         +26  to  +44 


—  1  to  +20 


Haecker 

Total 

Digrestible  digestible 

protein  nutrients 

lbs.  lbs. 

Maintenance,   960  pounds..      0.672  7.61 

Milk,  12.45  pounds,  5%% . . .      0.772  5.12 
Total  maintenance  and  milk 

(calculated)    1.444  12.73 

Total  maintenance  and  milk 

(actual)   2.03  12.7 

±    +41  0 

Armsby  (conv.)  standard..       1.411  2.03 


Savage  Eckles 

(converted) 

Total  Total 

Di|?estible    digestible  Digestible   digestible 

protein        nutrients  protein       nutrients 

lbs.               lbs.  lbs.               lbs. 

0.672             7.61  0.671            6.22 

0.934            5.20  0.952            5.13 


1.606 

2.03 
+26 


12.81 

12.7 
— 1 


1.523 

2.03 
+33 


11.35 

12.7 
+12 


+44% 


10.61 


12.7 


+209o 
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Nesbit  had  enough  to  eat  except  perhaps  during  the  first  month, 
when  her  total  digestible  nutrient  intake  was  deficient  from  0  to  %. 
Her  digestible  protein  intake  (+^/4  to  +%)  was  much  above  that 
which  was  needed  and  her  total  digestible  nutrient  intake  sufficient 
(0  to  +%)  ;  yet  she  gave  only  3,539  pounds  of  milk  and  188  pounds  of 
fat,  less  than  90  pounds  of  milk  a  week.  During  35  weeks  she  gained 
slowly  in  weight  and  during  the  last  five  weeks  rapidly,  finishing  the 
40-week  feeding  period  weighing  13  percent  more  than  she  did  at  the 
outset.     Nesbit  made  flesh  rather  than  milk. 

V.  15.  Nesbit,  grade  Jersey,  10  years  old,  was  in  milk  168  days, 
subsequent  to  calving  and  prior  to  service,  April  10  to  September  24, 
1918.  Her  weight  data  are  lacking  for  reasons  heretofore  mentioned 
(pages  11-12).  She  was  well  fed,  the  high  protein  ration  being  used. 
Her  feeding  record  was : 

Weeks      Hay  Silage        Grain  Weeks       Hay         Silage        Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

3  10.1  20.  5.9  6  15.  34.  4.5 

4  15.  32.  9.  11  9.  18.4  5.1 

It  seems  safe  to  assume  that  her  food  intake  on  the  1,000  pounds 
live  weight  basis  closely  approximated  that  of  the  similar  record 
(V.  14)  made  five  years  previous. 

Assuming  that  her  average  live  weight  was  950  pounds — which 
perhaps  may  be  somewhat  low  of  truth  especially  in  the  latter  half  of 
the  period — her  actual  average  digestible  protein  intake  was  1.95  and 
per  1,000  pounds  of  live  weight  2.05  pounds,  while  her  average  actual 
and  relative  total  digestible  nutrient  intakes  were  respectively  13.8 
and  14.5  pounds.  Her  food  intake,  milk  and  fat  yields  and  compari- 
son data  follow : 

Haecker  Savage  Eckles 

(converted) 

Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutrientp 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,   950   pounds..  0.665  7.53  0.665  7.53  0.565  6.15 

MUk.  10.45  pounds.  i%%..  0.611  4.02  0.741  4.11  0.747  3.90 
Total  maintenance  and  milk 

(calculated)    1.276  11.55  1.406  11.64  1.312  10.05 

Total  maintenance  and  milk 

(actual)  1.95  13.8  1.95  13.8  1.95  13.8 

±      +53  4-19            +39  +17            +49  +38 

Armsby  (conv.)  standard..       1.234  1^95       +58%  9^58  laCs  +44% 

Nesbit  had  plenty  to  eat  (+%  to  -f  %,  +%  to  +%),  certainly 
after  the  end  of  the  third  week;  but  she  did  not  do  much  with  what 
she  received  unless  she  put  it  on  her  back,  for  she  made  only  1,760 
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pounds  of  milk  and  85  pounds  of  fat  or  less  than  75  pounds  of  milk  a 
week  and  only  a  half  pound  of  fat  a  day.  However,  close  deductions 
cannot  be  drawn,  owing  to  the  loss  of  the  weight  data. 

V.  16.  Nesbit,  grade  Jersey,  12  years  old,  was  in  milk  362  days 
subsequent  to  calving  and  went  dry  while  farrow,  July  2,  1919  to  June 
29,  1920.  Her  high  protein  ration  was  modified  from  time  to  time, 
being  essentially  as  follows : 


Weeks 

Hay         Sila^re       Grain                   Weeks 

Hay         Silasre        Grain 

lbs.            lbs.             lbs. 

lbs.            lbs.             lbs. 

8 
5 
6 
5 
10 

10.             19.             5.7                          3 

12.  24.             7.                            6 

13.  27.            8.                           3 
9.            18.            5.4                         5 

10.            20.            6. 

8.5             17.             5. 
7.               14.             4. 
6.5             13.            3.6 
8.5              . .             4.7 

Her  food  intake,  milk  and  fat  yields  and 

comparison  data  follow : 
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994 

2.2 

13.5 

2.2 

13.6 

18.5 

-f  8  to  +22 

—12  to  +  6 

5 

963 

2.1 

13.85 

2.2 

14.4 

13.1 

+28  to  +57 

+  7  to  +29 

6 

981 

2.2 

13.8 

2.25 

14.1 

9.4 

+60  to  +83 

+18  to  +44 

5 

1,038 

2. 

12.6 

1.95 

12.1 

7.2 

+60  to  +83 

+13  to  +37 

10 

1,037 

1.85 

11.6 

1.8 

11.1 

5.3 

+66  to  +91 

+12  to  +36 

3 

1,033 

1.6 

9.85 

1.55 

9.55 

3.6 

+62  to  +88 

+  2  to  +24 

6 

1,055 

1.25 

8.05 

1.2 

7.65 

3.5 

+26  to  +46 

—17  to        0 

3 

966 

1.15 

7.35 

1.2 

7.55 

2.8 

+31  to  +52 

—16  to  +  2 

5 

928 

1.4 

8. 

1.5 

8.6 

2.5 

+69  to  +95 

—  4  to  +17 

Ave. 

1.004 

1.79 

11.3 

1.79 

11.3 

8.05      . . 

+39  to  +59 

+  1  to  +22 

Haecker  Savage                             Eckles 

(converted) 

Total  Total  Total 

Digestible    digestible  Digestible    digestible     Digestible  digestible 

protein      nutrients  protein        nutrients        protein  nutrients 

lbs.              lbs.  lbs.               lbs.                lbs.  n>8. 

Maintenance,  1,004  pounds..      0.703            7.96  0.703            7.96            0.597  6.50 

Milk,  8.05  pounds,  5%*....      0.483            3.20  0.588            3.26            0.596  3.13 
Total  maintenance  and  milk 

(calculated)    1.186          11.16  1.291          11.22            1.192  9.63 

Total  maintenance  and  milk 

(actual)   1.79            11.3  1.79            11.3              1.79  11.3 

:+:      ..+51 +1             +39 +1             +50  +17 

^-nisby  (conv.)  standard..       1.128            TtS  +59%               9^25          1L4  +22r'c 
ssumed  on  basis  of  her  record  at  other  times.     No  analyses  were  made. 
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Nesbit's  average  food  intakes,  both  actual  and  relative,  were  1.79 
pounds  digestible  protein  and  11.3  pounds  total  digestible  nutrients; 
but  she  yielded  so  little  milk  that  this  gave  her  enough  to  eat.  Her 
digestible  protein  and  total  digestible  nutrient  intakes  averaged  re- 
spectively from  %  to  %  and  from  0  to  %  high  of  standard  require- 
ments ;  yet  she  gave  only  2,901  pounds  of  milk  and  a  daily  average  of 
eight  pounds.  Her  live  weight  record,  however,  paralleled  her  food  in- 
take record.  During  the  first  quarter  of  the  year  when  she  got  from  %o 
to  %  more  digestible  protein  than  she  needed  but  from  %  too  little  to 
%  too  much  total  digestible  nutrients,  she  dropped  3  percent  in  live 
weight  coincident  with  sharp  shrinkage  in  milk  flow.  During  the 
second  three  months,  making  less  than  half  as  much  milk,  while  fed 
an  excess  of  food  (+%  to  +%  digestible  protein,  +%  to  +%  total 
digestible  nutrients)  she  regained  what  she  lost  and  at  the  close  had 
gained  7  percent  in  live  weight.  This  gain  she  clung  to  while  shrinking 
heavily  in  milk  flow,  until  during  the  last  two  months  while  fed  from 
%  to  %o  too  much  digestible  protein,  but  from  %  too  little  to  %  too 
much  total  digestible  nutrients,  and  making  only  3  pounds  of  milk 
a  day,  she  shrank  greatly  in  live  weight  for  some  reason  which  was 
not  clear,  losing  9  percent  in  eight  weeks.  Whatever  the  cause,  prob- 
ably ill  health,  it  was  temporary  since  the  cow  later  on,  on  a  not  over 
liberal  diet,  reestablished  her  normal  weight. 

Nesbit  was  never  a  good  cow.  She  was  retained  only  because  of 
the  exigencies  of  the  experiment. 

Treating  these  records  in  segregated  fashion,  that  is  to  say,  treat- 
ing each  cow  as  a  unit,  regardless  of  how  much  or  how  little  she  ate 
or  made,  we  have  three  groups  as  follows : 

I.  Four  grade  Holsteins;  in  milk  when  served.  (Altje,  Bontje 
[2],Durtje.) 

n.  Five  grade  Jerseys;  in  milk  when  served.  (Hazel  K.  [2], 
Jane.  Sabra,  Nesbit.) 

HI.  Seven  farrow  grade  Jerseys  and  one  farrow  registered  Ayr- 
shire (Hazel  K.,  Jane,  Sabra,  Evelyn,  Lanta  2nd,  Nesbit  [2]). 
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V. 
V. 
V. 
V. 
V. 
V. 
V. 
V. 
V. 


1. 

2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 


V.  10. 

V.  11. 

V.  12. 

V.  13. 

V.  14. 

V.  15. 

V.  16. 


Altje 

Bontje 

Bontje 

Durtje 

Hazel  K. 

Hazel  K. 

Hazel  K. 

Jane 

Jane 

Sabra 

Sabra 

Evelyn 

Lanta  2nd 

Nesbit 

Nesbit 

Nesbit 


I  Med. 
I  Low 
I      Low 

I  High 
III  Low 

II  Low 

II  Low 

III  High 

II  High 

III  Med. 

II  Med. 

III  Low 
III  Med. 
Ill  High 

II  High 

III  High 


76 
154 

99 
232 
327 
189 

56 
335 
173 
329 
160 
213 
316 
282 
168 
362 


lbs. 

1,245 

1,211 

1,085 

1,290 

984 

957 

894 

794 

851 

887 

863 

1,032 

1,055 

960 

950* 

1,004 


lbs. 

2.55 

2.09 

1.53 

3.33 

1.55 

1.67 

1.56 

2.02 

2.6 

1.82 

2.12 

1.58 

1.41 

2.03 

1.95 

1.79 


lbs. 

17.1 

20.77 

13.3 

18.8 

15.85 

15.25 

14. 

12.35 

16.1 

15. 

14.85 

14.9 

10.58 

12.7 

13.8 

11.3 


lbs.      lbs. 


2.05 
1.73 
1.41 
2.58 
1.59 
1.75 
1.74 
2.55 
3.06 
2.05 
2.46 
1.53 
1.34 
2.14 
2.05 
1.79 


13.7 

17.2 

12.25 

14.6 

16.2 

15.9 

15.7 

15.6 

19. 

16.9 

17.2 

14.4 

10.1 

13.3 

14.5 

11.3 


lbs. 

35. 
34.6 
25. 
31.8 
14.4 
19.6 
24.3 
12.15 
25. 
10.55 
20.1 
16.8 
12.25 
12.45 
10.45 
8.05 


Average 
Group  I 
Group  II 
Group  III 

Low  protein  fed  cows 
Medium  protein  fed  cows 
High  protein  fed  cows 


217  1,004  1.98  14.8 

140  1,208  2.38  17.5 

150  903  1.98  14.8 

309  959  1.74  13.25 

173  1,027  1.66  15.7 

220  1,038  1.97  14.4 

259  974  2.29  14.2 


lbs. 

4.30 
4.07 
2.75 
3.88 
2.10 
2.96 
3.42 
1.85 
3.58 
1.70 
3.00 
2.34 
1.40 
1.86 
1.44 
1.16 


lbs. 
1.17 
L12 
0.69 
IM 
0.74 
1.06 
L13 
0.68 
1.21 
0.6T 
1.09 
0.69 
0.42 
0.66 
U.50 
0.41 


1.99  14.9  19.5  2.61  0.83 

1.95  14.45  31.6  3.75  l.o: 

2.21  16.46  19.9  2.88  OSS 

1.85  14.  12.4  1.77  0.61 

1.63  15.3  22.5  2.91  0.91 

1.97  14.5  19.7  2.60  0.S4 

2.36  14.7  16.1  2.30  0.76 


•Hypothetical. 


COMPARISON   WITH   STANDARDS 

Entire  lot 
(16  records) 

1,004 


Group  I 
(4  records) 

1,208 


2.38     17.5 


2.36     18.94 


Average  live  weights,  lbs 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes, lbs 1.98 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes  (Haecker) ,  lbs 1.78 

Average  digestible  protein  and 
total  digestible  nutrients  In- 
takes   (Savage),   lbs 2.02 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Eckles,  converted),  lbs. 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Armsby,  converted ),  lbs. 

±  (Haecker)    +11 

±  (Savage)    —  2 

±  (Eckles — converted)   +  2     +11 

It  (Armsby — converted)     +12      +20 

Note. — Entire  group  4^/4  percent  milk;  Groups  I,  II,  and 
5  percent  milks.  ' 


14.8 


14.91 


15.03 


1.94     13.36 


Group  II 
(5  records) 

903 


1.98     14.8 


Group  III 
(7  records) 

959 


1.74     13.25 


1.84     15.13         1.41     12.5*i 


2.70     19.08         2.09     15.27         1.57    1256 


2.64     16.83 


1.77 


12.37 

-  1 
■  2 


2.38 


+  1 
—12 

—10 

0 


15.48 

—8 

—8 

+4 

+13 


2.02     13.74         1.49    11.12 


1.85     12.66         1.38     10.40 

+8  —2  +23  +  6 

—5  —3  +11  +  6 

—2  +8  +17  +19 

+7  +17  +26  +28 

III,  respectively,  3^4,  5  and 
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COMPARISON    WITH   STANDARDS 

Entire  lot  Low  protein      Medium  protein     High  protein 

(16  records  )  (6  records  )  (4  records  )  (6  records  ) 

Average  live  weight,  lbs 1,004  1,027  1,038  974 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes,  lbs 1.98     14.8  1.66     15.7  1.97     14.4  2.29     14.2 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes   (Haecker),  lbs 1.78     14.9  1.78     14.95        1.93     15.85        1.63     13.95 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Savage),  lbs 2.02     15.1  2.02     15.05        2.19     16.1  1.84     14.05 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Eckles,  converted),  lbs.     1.94     13.4  1.95     13.55        2.12     14.25        1.76     12.45 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Armsby,  converted),  lbs.     1.77     12.35        1.77     12.4  1.93     13.1  1.62     11.6 

±  (Haecker)    —20  —2  -fl6  —2  -f64  +4 

±  (Savage)    —35  —3  -f  1  —  3  +41  +3 

±   (Eckles— converted)   —31  +17  +5  +8  +52  +24 

±  (Armsby— converted)     —20  4-30  -fl5  -fl9  -+-68  +36 

The  grade  Holsteins  as  a  class  during  nearly  four  months  of  lacta- 
tion immediately  following  calving  ate  too  little  food  (0  to  %  de- 
ficiency in  digestible  protein,  %  excess  to  %2  deficiency  in  total  digesti- 
ble nutrients).  The  grade  Jerseys  in  milk  for  five  months  immediately 
following  calving  ate  barely  enough  food  (0  to  %2  excess  digestible 
protein,  0  to  %  excess  total  digestible  nutrients).  The  grade  Jerseys 
in  milk  for  10  months  and  going  dry  while  farrow  ate  more  than  enough 
digestible  protein  (%o  to  ^  excess)  as  well  as  enough  total  digestible 
nutrients  (Yiq  to  %o  excess).  As  a  whole  the  cows  ate  enough  digest- 
ible protein  (0  to  -f-%)  and  total  digestible  nutrients  (0  to  %). 

The  cows  which  made  the  least  ate  the  most  in  proportion  to  pro- 
duction as  appear  in  the  subjoined  table.  Of  course  it  will  not  do  to 
press  such  a  comparison  far,  since  factors  other  than  the  mere  food 
intake  contribute  to  the  result,  e.  g.,  breed,  length  of  milking  period, 
etc. 

Per  pound  digestible 
nutrients 
Total 
digestible  Total  Total 

nutrients        Milk  solids  Fat  Milk         solids  Fat 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Group  III.    Farrow  cows  In 

milk  10  months    13.25  12.4  1.77  0.61  0.93  .133  .046 

Group  II.     Grade  Jerseys  In 

milk  5  months 14.8  19.9  2.88  0.99  1.35  .196  .067 

Group  I.    Grade  Holsteins  In 

milk  5  months 17.5  31.6  3.75  1.02  1.81  .214  .058 

The  grade  Holsteins  (Group  I)  which  were  fed  the  most  heavily 
but  at  best  ate  a  bare  sufficiency  of  food,  made  nearly  %  more  milk 
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and  %o  niore  total  solids  than  the  grade  Jerseys  (Group  II)  and  % 
a"d  Yio  more,  respectively,  per  unit  of  food  intake;  but  they  hardly 
held  their  own  in  respect  to  live  weight. 

The  grade  Jerseys  (Group  II)  were  fed  very  slightly  better  ac- 
cording to  their  weight  than  were  the  cows  in  Group  I,  and  made  % 
less  milk  and  14  less  total  solids  on  %  less  food,  equivalent  to  1/4  less 
milk  and  nearly  ^0  l^ss  total  solids  per  unit  of  food  intake,  and  they 
gained  slightly  in  live  weight. 

The  farrow  cows  (Group  III)  fed  the  least,  but  really  fed  the 
most  in  view  of  their  restricted  yields — which  were  due  to  their  long 
test  period,  the  entire  lactation  rather  than  its  first  five  months — 
averaged  to  make  as  compared  with  the  grade  Jerseys  of  Group  II 
about  %  as  much  milk,  total  solids  and  fat  and  %  as  much  per  unit  of 
food  eaten,  and  they  gained  on  the  average  8  percent  in  live  weight. 
They  made  weight  full  more  than  milk,  as  is  commonly  the  case  with 
farrow  cows  during  the  latter  portion  of  their  milking  periods. 

The  low  protein  cows  were  %  (H.,  A.)  to  %  (S.,  E.)  underfed 
in  respect  to  digestible  protein,  but  were  fed  standard  amounts  (H.,  S.) 
and  %  or  %o  superstandard  amounts  (E.,  A.)  of  digestible  dry  matter. 

The  medium  protein  cows  were  fed  standard  amounts  (S.,  E.)  or 
Yq  super-standard  amounts  (H.,  A.)  of  digestible  protein  and  standard 
amounts  (H.,  S.),  %2  and  %  super-standard  amounts  (E.,  A.)  of 
digestible  dry  matter. 

The  high  protein  fed  cows  were  fed  %  (S.),  y2  (E.),  or  %  (H., 
A.)  too  much  digestible  protein  and  standard  (H.,  S.).  %  or  %  super- 
standard  amounts  (E.,  A.)  of  digestible  dry  matter. 

The  cows  on  low  and  on  high  protein  rations  respectively  were 
underfed  and  overfed  with  digestible  protein,  while  the  cows  on  the 
medial  ration  had  enough.  All  received  standard  (H.,  S.)  or  super- 
standard  (E.,  A.)  amounts  of  total  digestible  nutrients. 

The  low  and  medium  protein  groups  run  reasonably  true  to  form, 
but  the  high  protein  group  is  a  joke.  The  high  protein  fed  cows  on  the 
average  ate  the  most  digestible  protein  but  the  least  digestible  dry 
matter  and  made  the  smallest  amount  of  milk  solids  and  fat ;  and  yet 
their  nutrient  consumption  was  greatly  super-standard.  According  to 
standards,  the  cows  thus  fed  should  have  eaten  from  10  to  20  percent 
less  digestible  protein  than  those  fed  the  low  and  medium  protein 
rations ;  yet  they  ate  20  to  40  percent  more.  This  anomalous  situation 
is  due  to  the  fact  that  three  of  the  six  records  were  furnished  by  a 
single  cow,  a  decidedly  inferior  individual;  and  one  of  the  other  three 
is  a  very  low  record. 
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VI.     Maintenance  and  Lactation  for  More  than  12  Months 


c 
o 


Twelve  cows — five  grade  Holsteins  and  10  grade  Jerseys— con- 
tribute testimony  to  this  phase  of  the  study,  three  of  them  twice,  mak- 
ing in  all  15  records.  Ten  records  are  complete,  five,  owing  to  the 
loss  of  weight  records,  incomplete.  Hazel  K.  should  also  have  furnished 
data,  but  having  been  turned  out  to  pasture  through  misunderstanding, 
her  18  months'  record  is  valueless. 

VI.  1.  Altje,  grade  Holstein,  six  years  old,  was  in  milk  for 
522  days  subsequent  to  calving,  July  6,  1907  to  December  10,  1908, 
being  fed  the  medium  protein  ration.  She  went  dry  while  farrow. 
Her  feeding  varied  somewhat  as  is  shown  below : 


eeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

16 

31.5 

3. 

10.2 

15 

16.8 

32.4 

10. 

24 

17.7 

29.6 

7.6 

eeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

12 

24. 

•  • 

7.3 

8 

9. 

24. 

3.7 

Her  food  intakes,  milk  and  fat  yields  and  comparison  data  follow: 
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Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

Iba. 

lbs. 

lbs. 

% 

% 

% 

% 

16 

1,298 

3.05 

22.4 

2.35 

17.3 

31.6 

1.08 

+  8 

to 

+24 

+  10 

to 

+35 

15 

1,335 

2.6 

19.9 

1.95 

14.9 

26.6 

0.88 

+  2 

to 

+19 

+  4 

to 

+32 

24 

1,317 

2.3 

18.4 

1.75 

13.95 

22.1 

0.77 

-h  1 

to 

+16 

+  5 

to 

+29 

12 

1,238 

2.15 

17.15 

1.75 

13.85 

17.7 

0.65 

+10 

to 

+27 

+11 

to 

+36 

8 

1,250 
1,297 

1.3 
2.38 

11.85   . 
18.65 

1.05 
1.84 

9.5 

8.3 

0.26 

—  7 

to 

+12 

—  6 

to 

+18 

Ave. 

14.35 

22.45 

0.78 

+  3 

to 

+20 

+  6 

to 

+31 

Haecker 


Digestible 
protein 

lbs. 

Maintenance,  1,297  pounds..  0.908 

Milk,  22.45  pounds,  3%%..  1.100 
Total  maintenance  and  milk 

(calculated)   2.008 

Total  maintenance  and  milk 

(actual)  2.38 

±     +19 

Armsby  (conv.)  standard..       1.984 


Total 
digestible 
nutrients 

lbs. 

10.28 

7.03 

17.31 

18.65 

+8 


Savage  Bckles 

(converted) 

Total  Total 

Digestible    digeistible  Digestible    digestible 

protein        nutrients  protein       nutrients 

lbs.               lbs.  lbs.               lbs. 

0.908           10.28  0.772             8.40 

1.370            7.16  1.392            6.78 


2.278 

2.38 

+4 


17.44 

18.65 

+7 


2.164 

2.38 
+10 


15.18 

18.65 
+23 


2.38       +20% 


14.17 


18.65         +32% 
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Altje  had  plenty  to  eat.  The  plus  signs  are  always  in  sight.  Her 
average  surplusage  in  food  intakes  were:  digestible  protein,  %5  to  %, 
total  digestible  nutrients,  K4  to  %.  She  made  a  fair  amount  of  milk, 
considering  the  length  of  the  period — nearly  a  year  and  a  half — ^22.45 
pounds  milk,  0.78  pounds  fat.  She  gained  2  percent  in  live  weight 
during  the  first  year  but  lost  it  all  and  2  percent  more  during  the  last 
six  months,  being  somewhat  less  bountifully  fed. 

VI.  2.  Altje,  grade  Holstein,  11  years  old,  was  in  milk  for  516 
days  subsequent  to  calving,  September  7,  1912  to  February  5,  1914, 
being  fed  the  medium  protein  ration.  She  went  dry  while  farrow. 
Her  feeding  was  reasonably  uniform,  though  curtailed  somewhat  as 
lactation  advanced,  as  is  shown  below : 


eeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

10 

10.7 

40. 

10.8 
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Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Haecker 

Savage 
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(converted) 

Total 
Digestible   digestible 
protein      nutrients 

Total                                 Total 
Digestible    digestible     Digestible    dlgestlbl« 
protein        nutrients        protein       nutrienu 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.               lbs. 
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Milk,  14.9  pounds,  3V.%... 
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9.97 
4.66 
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9.97 
4.75 

0.748             8.14 
0.924             4.50 

Total  maintenance  and  milk 

(calculated)    1.6  14.63  1.789  14.72  1.672  12.64 

Total  maintenance  and  milk 

(actual)     1.73  13.75  1.73  13.75  1.73  13.75 

±    +7  —0  —3  —7  +4  +9 


Armsby   (conv.)   standard..      1.553 


1.73       +11% 


11.97 


13.75 


+15< 
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Altje  seems  to  have  eaten  enough  digestible  protein  at  all  times 
but  her  total  digestible  nutrient  consumption  during  the  first  two  and 
the  last  three  months  was  on  the  borderline  of  insufficiency.  On  the 
average,  however,  she  ate  from  %3  deficiency  to  %  excess  of  digestible 
protein,  while  her  total  digestible  nutrient  intake  was  from  %4  too 
scanty  to  %  over-plentiful,  according  to  which  standard  is  used  as  a 
yardstick.  Her  milk  and  fat  yields,  14.9  and  0.51  pounds  respectively, 
were  fairly  good  considering  the  length  of  the  lactation.  She  shrank 
continually  in  live  weight,  losing  5  percent. 

VI.  3.  BoNTjE^  grade  Holstein,  seven  years  old,  was  in  milk  for 
448  days  subsequent  to  calving,  January  1,  1909  to  March  24,  1910, 
being  fed  the  low  protein  ration.  She  went  dry  when  farrow.  Her 
feeding  was  curtailed  as  lactation  advanced,  as  appears  below : 
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Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Savage 


protein 
lbs. 
Maintenance,  1,134  pounds. .      0.794 
Milk,  30.1  pounds,  3Vj%...      1.475 
Total  maintenance  and  milk 

(calculated)    2.269 

Total  maintenance  and  milk 

(actual)     2.13 
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Eckles 
(converted) 
Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digestible 


nutrients 
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Bontje  was  stinted,  so  far  as  digestible  protein  was  concerned, 
especially  during  the  first  seven  months  and  the  last  two  months,  when 
her  ration  was  short  in  this  respect  by  %o  to  %  and  by  %  to  V^.  How- 
ever, her  total  digestible  nutrient  intake  was  more  than  was  needed 
except  in  the  final  months  when  the  shortages  ranged  from  34  to  %. 
On  the  average,  her  digestible  protein  consumption  failed  to  be  standard 
by  from  %o  to  %,  while  that  of  total  digestible  nutrients  was  super- 
standard  by  from  K4  to  %o.  Her  milk  and  fat  yields  were  good  con- 
sidering the  length  of  time  she  was  under  test — 14  months — ^being  30.1 
and  1.03  pounds  respectively.  She  lost  in  weight  quite  heavily,  weigh- 
ing at  the  close  14  percent  less  than  during  the  mean  of  the  first  half 
of  the  trial.  She  maintained  her  milk  flow  to  some  extent  at  her  own 
proper  expense. 

VI.  4.  BoNTjE,  grade  Holstein,  10  years  old,  was  in  milk  for 
495  days  subsequent  to  calving,  April  19,  1912  to  the  date  of  service, 
August  26,  1913,  being  fed  the  low  protein  ration,  which  was  not  very 
greatly  varied,  except  as  to  its  concentrate  content,  as  appears  below : 
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Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Total  Total  Total 

Digestible    digestible  Digestible    digestible  Digestible  digestible 

protein      nutrients  protein        nutrients  protein  nutrients 

lbs.              lbs.  lbs.               lbs.  lbs.  lbs. 

Maintenance,  1,171  pounds..      0.820            9.29  0.820            9.29  0.697  7.59 

Milk,  23.7  pounds,  3%%...      1.161             7.42  1.446            7.56  1.469  7.16 
Total  maintenance  and  milk 

(calculated)    1.981          16.71  2.266          16.85  2.166  14.75 

Total  maintenance  and  milk 

(actual)   1.63            15.  1.63            15.  1.63  15. 

±    —18             —10  —28             —11           —25  +2 

Armsby    (conv.)    standard..      1.977            1.63  —18%             13.68  15.  +10% 


The  minus  sign  is  in  evidence  almost  everywhere.  Bontje  was 
underfed  as  regards  digestible  protein  on  the  average  from  %  to  %o 
and  she  ate  from  %o  t^K)  little  to  %o  too  much  total  digestible  nutrients 
according  to  the  standard  employed.  She  did  very  well  under  the 
circumstances  to  make  an  average  SOO-day  record  of  23.7  pounds  milk 
and  0.82  pounds  fat.  And  she  maintained  and,  if  anything,  increased 
her  live  weight,  the  average  for  the  last  five  months  as  compared  with 
that  for  the  first  four  months  being  one  percent  higher. 

VI.  5.  Durtje,  grade  Holstein,  five  years  old,  was  in  milk  for 
517  days  subsequent  to  calving,  from  July  5,  1907  to  December  3,  1908, 
being  fed  the  high  protein  ration.  She  went  dry  while  farrow.  Her 
ration  was  changed  more  often  than  that  of  any  other  cow  in  any  one 
of  the  many  experimental  trials,  more  frequently  than  was  necessary. 
However,  the  story  is  told  below : 
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Her  long  statement  of  food  intakes,  of  milk  and  fat  yields  and 
her  comparison  data  follows: 
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Maintenance,  1,254  pounds..      0.878            9.94  0.878 

Milk,  27.1  pounds,  3^%...      1.301            8.10  1.599 
Total  maintenance  and  milk 

(calculated)    2.179          18.04  2.477 

Total  maintenance  and  milk 

(actual)     3.18            20.2  3.18 

±    +46              +12  +28 

Armsby  (conv.)  standard..       2.169            3.18  +477© 
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Durtje  was  well  fed  except  during  the  first  week  and  three  weeks 
at  the  very  close  when  she  was  put  upon  a  restricted  ration  in  order 
to  dry  her  off.  She  received  a  great  excess  of  digestible  protein  and 
more  than  enough  total  digestible  nutrients.  The  surplusages  ranged 
from  %  to  %o  in  digestible  protein  and  from  ^12  to  %  in  total  digesti- 
ble nutrients.  The  average  super-standard  ration  carried  from  %o  to 
nearly  %  too  much  digestible  protein  and  from  %  to  %  too  much  total 
digestible  nutrients.  Durtje  responded  well  to  such  treatment  and 
averaged  during  more  than  17  months  27.1  pounds  of  milk  and  0.91 
pounds  of  fat.  She  gained  in  weight  rapidly  at  the  outset  and  held  her 
gains  for  a  year,  being  at  its  close  9  percent  heavier  than  at  the  outset. 
She  then  rapidly  fell  off  and  during  two  months  lost  it  all,  then  began  to 
regain  and  had  added  4  percent  to  her  live  weight  when,  following  three 
weeks  of  low  feeding,  she  dropped  most  of  it,  closing  the  long  trial 
weighing  2  percent  more  than  at  the  beginning. 

VI.  6.  Sabra,  grade  Jersey,  10  years  old,  was  in  milk  for  379 
days  subsequent  to  calving,  from  September  29,  1912  to  October  15, 
1913,  when  she  was  sold  while  still  in  milk,  being  barren.  She  was  fed 
the  medium  protein  ration  and  her  feeding  was  reasonably  uniform  as 
appears  below : 
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Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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1.30  —  3  to  —15 

1.16  —  1  to  4-13 

0.97  4-  3  to  +18 

0.78  4-  3  to  4-15 

0.34  4-12  to  4-35 


9i 


—1  to  —17 

— 3  to  +  9 

—3  to  -f-16 

— 4  to  -1-16 

—6  to  4-H 


862       1.93     13.5 


2.24     15.7 


16.45     0.99 


—  6  to  4-13 


—  2  to  4-13 


Haecker 


Savage 


Maintenance,  862  pounds. . . 

Milk,  16.45  pounds,  6% 

Total  maintenance  and  milk 

(calculated)    1.706  14.26 

Total  maintenance  and  milk 

(actual)  1.93  13.5 

±    4-14  —5 


Digestible 
protein 

Total 
digestible 
nutrients 

Digestible 
protein 

Total 
digestible 
nutrients 

lbs. 

lbs. 

lbs. 

lbs. 

0.604 

6.84 

0.604 

6.84 

1.102 

7.42 

1.332 

7.62 

Sckles 
(converted) 

Total 
>igestible  digestit 
protein 

lbs. 


1.936 

1.93 
0 


14.36 

13.5 
~6 


0.514 
1.364 

1.878 

1.93 
4-3 


nutrienu 

lbs. 

5.59 

8.00 


13.59 

13.5 
0 


Armsby  (conv.)  standard..      1.713 


1.93       4-13% 


12.01 


13.5 


4-13*:^ 


Sabra  was  not  liberally  treated  at  the  outset.  During  the  first 
half  of  the  year  her  total  digestible  nutrient  intake  ranged  from  — % 
to  +Mo  according  to  the  standard  and  her  digestible  protein  intake 
from  — Yi  to  +%.  During  the  second  half  her  total  digestible  nutrient 
intake  varied  from  barely  standard  ( — ^5)  to  %  excess,  and  she  ate 
from  %3  to  %  excess  of  digestible  protein.  The  average  figures  for 
the  entire  period  are :  digestible  protein,  0  to  %  excess ;  total  digestible 
nutrients,  3^  excess  to  %o  deficiency.  She  made  fair  yields,  16.45 
and  0.99  pounds  of  milk  and  fat  respectively,  but  fell  off  in  live  weight 
though  gaining  again  at  the  end.  The  net  loss  between  the  mean 
figures  for  the  first  one  and  a  half  months  and  the  last  five  months  is 
7  percent.  Sabra  could  not  both  make  milk  and  maintain  her  live 
weight  on  her  food  intake ;  hence  she  lost  in  weight. 

VI.  7.  Dell  R.,  grade  Ayrshire,  four  years  old,  was  in  milk  for 
487  days  subsequent  to  calving,  from  May  3,  1913  to  September  5,  1914, 
drying  off  when  farrow.     She  was  fed  the  high  protein  ration.     Her 
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G 
O 

a 
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digestible  protein  intake  was  cut  considerably  as  lactation  advanced, 
more  than  was  proportionately  total  digestible  nutrient  intake ;  but  she 
always  had  enough  and  to  spare.     Her  feeding  statement  follows : 


Weeks 

Hay 

Silagre 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

2 

8. 

29.8 

7.5 

20 

8. 

25. 

4.2 

26 

8. 

25. 

8.6 

5 

8. 

21. 

2.9 

15 

8. 

25. 

6.2 

1 

8. 

* 

2. 

*25  pounds  careen  millet. 

Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 


> 


Actual 


b\ 


o 

U 

Pi 

a 

bo 


X2 


SI 

da 

r 


Per 

1,000    1 

pounds  live 

weight 

G 

o 

o 

■M 

•S 

P 

ua 

u 

•»^ 

o 

•2 

II 

.o 

•^r 

■«-• 

u 

n 

^-^ 

to 

l§ 

e 

Actual 

•o 

•o 

W4 

M 

4J 

§ 

S 

S 

*;  n 

£+1 


5 

a 


0 

"Sic 


Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

%            % 

%             % 

2 

795 

2.2 

13.15 

2.75 

16.5 

26.3 

1. 

0  to  +15 

—13  to  +  7 

26 

810 

2.4 

12.85 

2.95 

15.75 

23.7 

0.91 

+16  to  +34 

—11  to  +  6 

15 

902 

1.9 

11.3 

2.1 

12.5 

14.7 

0.56 

+24  to  +40 

—  5  to  +15 

20 

964 

1.5 

10.1 

1.55 

10.55 

11.2 

0.43 

+  9  to  +23 

—11  to  +  7 

5 

958 

1.2 

8.8 

1.25 

9.2 

6.4 

0.24 

+12  to  +29 

—10  to  +11 

1 

918 

1.2 

9.8 

1.3 

10.7 

2.4 

0.09 

+51  to  +27 

+11  to  +48 

Ave. 


889      1.93     11.4 


2.21     13. 


16.65     0.63         +16  to  +32  —10  to  +11 


Haecker  Savage  Eckles 

(converted) 

Total  Total  Total 

Dlgrestible    digestible  Digestible    digestible  Digestible    digestible 

protein      nutrients  protein        nutrients  protein      nutrients 

lbs.              lbs.  lbs.              lbs.  lbs.              lbs. 

Maintenance,  889  pounds...      0.622            7.04  0.622            7.04  0.530            5.77 

Milk,  16.65  pounds,  3%%..      0.858            5.47  1.050            5.58  1.058            5.22 
Total  maintenance  and  milk 

(calculated)    1.48            12.51  1.672          12.62  1.588          10.99 

Total  maintenance  and  milk 

(actual)   1.93            11.4  1.93            11.4  1.93            11.4 

±    +30 —9  +16             —10  +21 +4 

Armsby  (conv.)  standard. .       1.461            iM  +32%             10^3  UA          +11% 


Dell  R.  ate  plenty  of  digestible  protein  but  barely  enough  total 
digestible  nutrients.  There  was  not  much  change  in  her  diet  as  regards 
total  digestible  nutrients  as  the  trial  advanced.  She  was  always  kept 
on  the  ragged  edge.  On  the  average  she  ate  from  %  to  %  too  much 
digestible  protein  and  from  %o  too  little  to  %o  too  much  total  digesti- 
ble nutrients.  She  made  16.65  pounds  milk  and  0.63  pounds  fat  on 
the  average  for  almost  500  days  and  gained  very  heavily  in  live  weight, 
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her  average  live  weight  for  the  first  seven,  the  mid-four  and  the  last 
six  months  being  respectively  814,  902  and  961  pounds,  the  latter 
figure  being  18  percent  higher  than  the  first.  In  other  words,  she  made 
weight  full  more  than  milk  although  her  milk  yield,  in  view  of  her 
youth  and  low  plane  of  nutrition,  was  not  a  poor  one. 

VI.  8.  Effa,  grade  Jersey,  five  years  old,  was  in  milk  for  492 
days  subsequent  to  calving,  from  June  4,  1913  to  October  15,  1914, 
going  dry  while  farrow.  She  was  fed  the  low  protein  ration  and  her 
feeding  was  on  the  whole  quite  uniform  as  appears  below : 


Weeks 

1 
17 
40 

5 

1 

3 

3 

Ave. 


eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lb& 

lbs. 

1 

8. 

25. 

7. 

1 

8. 

• 

3. 

17 

8. 

25. 

7.9 

3 

12. 

14. 

4. 

40 

8. 

25. 

6.3 

3 

14. 

.  • 

4. 

5 

8. 

20. 

4.6 

Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 


Per  1,000 

5 

Actual 

pounds  live 
weight 

Actual 

ss« 

c 

c 

3 

«> 

W4 

o 

•MW3 
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*j 

p^ 

■*•* 
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•>->  «• 

o 

.a 

p 

.o 

oiS 

3*2 

u 

(m 

U^ 

S'O 

** 

0. 
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♦J 

B  ^ 

P.C 

•  «= 

e 

-a 

£ 

|5 

51 

2 

•o 

A 

if" 

s 

:3 

4) 

1 

otal  d 
nutrle 

otal   d 
nutrie 

•^4 

£+1 

Q 

3 

Q 

h        1 

S 

fr^        1 

S 

Ui 

Q 

h 

lbs. 

757 
755 
813 
832 
770 
786 
781 


lbs. 
1.2 
1.4 
1.2 
1.05 
0.9 
1.1 
1.1 


lbs. 

11.1 
12.35 
11.2 
10. 

9.5 
10.7 

9.75 


lbs. 

1.6 

1.85 

1.5 

1.25 

1.15 

1.4 

1.4 


lbs. 

14.6 

16.35 

13.8 

12. 

12.35 

13.6 

12.45 


lbs. 

21. 

17.2 

13.5 

11.9 

8.6 

7.7 

4.1 


lbs. 

1.23 
0.94 
0.84 
0.77 
0.54 
0.52 
0.29 


% 


—33 
—14 
—19 
—25 
—18 
—10 
+20 


% 
to  —42 
to  —24 
to  —29 
to  —34 
to  —28 
to  +  2 
to  +38 


'-^ 


—23  to  -  8 

—  8  to  +11 
—12  to  +  5 
—19  to  -  3 

—  6  to  -f  1 
+  7  to  +2S 

+18  to  +4i 


796       1.23     11.3 


1.54     14.1 


13.7       0.82 


-17  to  —26 


-10  to  +  8 


Haecker 

Total 
Digestible    digestible 
protein      nutrients 

lbs.  lbs. 

Maintenance,  796  pounds . . .  0.557  6.31 

Milk,  13.7  pounds.  6% 0.918  6.18 

Total  maintenance  and  milk 

(calculated)    1.475  12.49 

Total  maintenance  and  milk 

(actual)   1.23  11.3 

±    —17  —10 

Armsby  (conv.)  standard..       1.474  Tis 

*25  pounds  grreen  millet. 


Savage  Eckles 

(converted) 

Total  Tota. 

Digestible    digestible  Digestible    digestib- 

protein        nutrients  protein       nutriea"* 

lbs.               lbs.  lbs.              lbs. 

0.557            6.31  0.474            5.16 

1110             6.26  1.137            6.66 


1.667 

1.23 
-26 


12.57 

11.3 
—10 


1.611 

1.23 
—24 


—17% 


10.5 


11.3 


11.82 


+  8fo 
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Effa  was  considerably  underfed  in  respect  to  her  digestible  pro- 
tein intake.  Only  during  the  last  three  of  the  71  weeks  did  she  get  a 
sufficiency.  And  at  best  she  ate  barely  enough  total  digestible  nutrients. 
On  the  average  Effa  consumed  from  %  to  %  too  little  digestible 
protein  and  from  %o  too  little  to  %2  too  much  total  digestible  nutrients. 
She  made  a  fair  milk  and  fat  yield  record  for  492  days,  namely  13.7  and 
0.82  pounds.  She  increased  in  live  weight,  weighing  8  percent  more 
during  the  mid-45  weeks  than  during  the  initial  18  weeks;  but  half 
this  gain  was  lost  during  the  last  seven  weeks,  although  her  food  intake 
was  not  lowered. 

VI.  9.  Mary,  grade  Jersey,  four  years  old,  was  in  milk  for  826 
days  subsequent  to  calving,  from  May  17,  1912  to  August  20,  1914, 
when  she  went  dry  while  farrow.  She  was  fed  the  medium  protein 
ration,  which  naturally  was  varied  somewhat  during  her  prolonged 
lactation — as  is  indicated  below : 


Weeks 

Hay 

Silasre 

Grain 

Weeks 

Hay 

Silaere 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

!• 

8.6 

25.2 

2.1 

10 

10. 

30. 

6.6 

1* 

1. 

15. 

4. 

30 

8.5 

30. 

4.7 

9» 

•   •   • 

15. 

8. 

38 

8. 

25.5 

3.4 

11 

6.5 

15. 

9. 

8 

8. 

24.1 

2.5 

10 

10. 

30. 

8.5 

*Throush  error  Mary  was  pastured  during  the  first  seven  weeks. 

Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Per 

1.000 

a 

Actual 

pounds  live 
weight 

Actual 

Bn 

1 

si 

a 

•fcf 
S 

2 

o 

•55 

9 

2| 

<s'2 

• 

o 
l4 

2 

o 

§ 

2*0 

as 

o 

1 

•a 

1 

2 

|i5 

a" 

•3^ 

2 

^O 

g 

3 

3g 

5 

Q 

1+- 

Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

%            % 

%            * 

1 

•  •  «  • 

1.05* 

9.1* 

1.05 

9.1 

16.9 

0.73 

—30  to  —43 

—12  to  -36 

1 

•  •  •  • 

0.85* 

5.  • 

0.85 

5. 

32.7 

1.44 

—67  to  —71 

—53  to  -76 

9 

1,001 

1.45* 

7.1» 

1.45 

7.1 

30.9 

1.49 

—A2  to  —53 

—57  to -64 

11 

984 

1.95 

11.1 

2. 

11.3 

24.8 

1.26 

—10  to  —22 

—25  to  -37 

10 

952 

2.2 

14.4 

2.35 

15.2 

18.4 

0.93 

+10  to  +24 

—  4  to  +16 

10 

974 

1.8 

13.35 

1.85 

13.75 

13.9 

0.74 

+  4  to  +19 

—  1  to  +19 

30 

1,008 

1.4 

10.95 

1.4 

10.85 

10.5 

0.55 

—  7  to  +  7 

—11  to  +  7 

38 

1,029 

1.1 

9.55 

1.05 

9.35 

7.7 

0.43 

—  4  to  —16 

+  1  to  -17 

8 

1,034 

1. 

8.95 

0.95 

8.65 

5.3 

0.30 

+  2  to  —12 

+  4  to  -15 

Ave.      1,006      1.42*  10.5*        1.42*  10.5*      13.3      0.69        —  5  to  —17 


—  6  to  -22 


Haecker  Savage  E^ckles 

(converted) 

Total  Total  Totil 

Digestible    digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutritrit 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  1,006  pounds..  0.704  7.99  0.704  7.99  0.698  6.51 

Milk,  13.3  pounds,  5^%...  0.825  5.47  0.998  5.56  1.017  5.47 
Total  imaintenance  and  milk 

(calculated)    1.529  13.46  1.702  13.55  1.615  ll.SS 

Total  maintenance  and  milk 

(actual)   1.42*  10.5*  1.42*  10.5*  1.42*  10.5* 

± —7  —22           —17  —22           —12  —12 

Armsby  (conv.)  standard..       1.496  1.42*    —  5%  112  10.5*        —  6% 

^Does  not  include  the  food  eaten  during  seven  weeks  of  pasturage.     All  food  intake  figurt' 
affected. 

Mary's  record,  so  far  as  feeding  is  concerned,  was  a  minus  one. 
During  only  20  of  the  118  weeks  is  the  plus  sign  really  in  evidence. 
Mary  undoubtedly  was  underfed  seriously  during  the  first  fifth  of 
the  long  feeding  period,  but  less  so  later  on.  The  average  figures  for 
the  entire  27  months  are :  digestible  protein  — %o  to  — %  ;  total  digest- 
ible nutrients  — %e  to  — %.  Under  such  circumstances  Mary  did 
well  to  maintain  her  milk  yield  as  she  did  and  to  average  13.3  pounds 
milk  and  0.69  pounds  fat  for  27  months.  She  shrank  5  percent  in  live 
weight  during  the  heaviest  milking  period  but  more  than  regained  her 
loss,  weighing  at  the  close  3  percent  more  than  when  she  started. 

VI.  10.  Karah,  grade  Jersey,  nine  years  old,  was  in  milk  for 
404  days  subsequent  to  calving  from  May  16,  1919  to  June  24,  1920, 
being  fed  the  low  protein  ration  and  going  dry  while  farrow.  Her 
ration  was  a  reasonably  constant  one  as  the  subjoined  record  indicates: 
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Beks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

3 

9.6 

19. 

5.1 

6 

11.7 

22.6 

6.7 

9 

9.7 

25.2 

7.4 

Weeks 

13 

19 

8 


Hay 
lbs. 

13. 

11.6 
8.5 


Silage 
lbs. 
28.1 
23.5 
17.5 


Grain 
lbs. 

8.2 
6.8 
5. 


Her  food  intake,  milk  and  fat  yields  and  comparison  data  follow : 
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Milk 

Pat  J 

Q 


5 

(3 

V 

5 

9 

II 

■^  +1 


Weeks 

3 

6 

9 
13 
19 

8 

Ave. 


lbs. 

787 
775 
761 
806 
881 
821 


lbs. 

1.1 

1.35 

1.4 

1.65 

1.4 

1. 


lbs. 

10.5 

13.2 

13. 

15.5 

13.5 

10. 


lbs. 

1.4 

1.75 

1.85 

2.05 

1.6 

1.2 


lbs. 

13.3 

17. 

17.05 

19.3 

15.3 

12. 


822       1.4       13.45 


1.72     16.35 


lbs.        lbs 

%            % 

% 

16.6 

—32  to  —40 

—  6  to 

18.2 

—21  to  —30 

—  6  to 

12.9 

—  8  to  +  4 

+12  to 

9.4 

+28  to  +46 

+49  to 

6.8 

+23  to  +41 

+36  to 

3.2 

+22  to  +41 

+27  to 

9.55      . . . 

+  7  to  +22 

+28  to 

% 

—22 
+13 
+36 
+79 
+65 
+64 

+63 


Haecker  Savage  Sckles 

(converted) 

Total  Total  Total 

Digestible   digestible    Digestible   digestible    Digestible   digestible 
protein      nutrients       protein       nutrients       protein      nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  822  pounds...  0.576  6.52  0.576  6.52  0.490  5.34 

Milk,  9.65  pounds,  5%%*..  0.611  4.05  0.735  4.12  0.754  4.13 
Total  maintenance  and  milk 

(calculated)    1.187  10.57  1.311  10.64  1.244  9.47 

Total  maintenance  and  milk 

(actual)     1.4  13.45  1.4  13.45  1.4  13.45 

dt    +18  +27  +7  +26  +13  +42 

Armsby  (conv.)  standard..       1.148  lA        +22%  O2  13.45        +53% 

Karah  was  underfed  at  the  very  outset  for  about  two  months  but 
during  the  remaining  year  had  plenty  to  eat.  The  initial  shortages 
were:  digestible  protein  — %  to  %  total  digestible  nutrients  — % 
to  +%.  Throughout  the  rest  of  her  feeding  period  the  surplusages 
were  considerable,  being  quite  enough  to  more  than  balance  the  initial 
shortages  and  to  bring  about  an  average  excess  usage  as  follows: 
digestible  protein  +^4  to  +H>  total  digestible  nutrients  +%  to  +34- 

Karah's  response  was  not  a  good  one.  She  shrank  rapidly  in  milk 
yield  and  six  months  after  calving,  although  farrow  and  getting  much 
more  to  eat  than  her  milk  yields  warranted,  she  had  shrunk  one-half 
in  her  product,  which  at  no  time  was  large.     Her  average  for  the  14 
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months — ^9.55  pounds  milk  and  about  a  half  pound  of  fat  daily — was 
unsatisfactory.  She  rapidly  increased  in  live  weight  after  the  ration 
was  so  changed  that  minuses  became  pluses,  in  six  months  gaining  16 
percent ;  but  she  had  lost  half  this  gain  at  the  close  of  the  trial. 

VI.  11-15.  The  records  of  five  cows  can  be  used  only  in  a  gen- 
eral way,  owing  to  the  loss  of  the  weight  data  heretofore  referred  to 
(pages  11-12).  They  were  grade  Jerseys  and  went  dry  when  farrow. 
The  data,  in  so  far  as  they  are  available,  follow : 
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lbs. 

lbs. 

lbs.     lbs. 

lbs.      lbs.      lbs. 

lbs.     lbs.    lbs.      lbs. 

lbs. 

lbs. 

Ib& 

VI. 

11. 

Augusta,  1 

B20  pounds,  four  years  old,  fed  high  protein  ration  414  days. 

May  8,  1915  to  July  6,  1916 

1 

10.3 

29.3 

7.3    2.2 

14.2      27.1    1.26 

5         9.     18.       5.       1.55 

10.8 

9.6 

0^ 

6 

12. 

25. 

9.3     2.85 

16.        25.8    1.14 

5         9.     18.       3.6     1.25 

9.85 

8.5 

0.53 

10 

12. 

25. 

7.7     2.6 

16.1      17.      0.75 

5         7.     14.       3.8     1.2 

8.4 

7.9 

0.49 

12 

12. 

25. 

6.2     2.25 

14.2      13.1     0.71 

10         6.     12.       3.       1. 

7.05 

7.2 

0.42 

6 

10.4 

20. 

5.8     2. 

12.25     10.8     0.60 

Ave.                              1.92 

12.1 

13. 

0.66 

VI.     12 

.    Fizzy,  900  pounds,  two  years  old,  fed  high  protein  ration  545  days. 

November  4,  1914  to  May  4,  1916 

1* 

10. 

20.7 

2.4    1.15 

8.85     29.      1.51 

10      10.1  21.2     6.2     2.1 

12.5 

12.3 

0.71 

1 

10. 

30.6 

8.4    2.45 

13.2      26.9     1.40 

7       10.     20.9     4.8     1.7 

10.55 

7.4 

0.40 

2 

12. 

32. 

10.1     8.05 

17.35     28.9     1.49 

15         8.     18.       3.9     1.35 

9.4 

7.5 

0.45 

10 

12. 

26.4 

10.6     3.15 

17.05     25.2     1.38 

5         8.     18.       2.4     0.95 

8.6 

6.3 

0-41 

10 

12. 

25. 

8.5    2.65 

15.35     20.7     1.21 

8         7.     15.      ...     0.35 

5.9 

2.1 

0.14 

10 

11.1 

24.1 

6.7    2.25 

13.65     18.5     1.07 

Ave.                              1.91 

12. 

13.7 

0.79 

VI.    13.    Isadore,  890  pounds,  eight  years 

old.  fed  medium  protein  ration  411  days. 

June  3,  1915  to  July  20,  1916 

1 

11.7 

26. 

3.9     1.4 

11.9      16.3    0.72 

5         9.9  21.       6.       1.45 

12.5 

10.5 

O.fiS 

3 

12. 

25. 

6.2     1.8 

13.7       22.8     1.04 

16       10.     21.       4.1     1.15 

10.4 

9.2 

0.S3 

5 

12. 

25. 

8.1     2. 

14.8       19.4     0.98 

7       10.     21.      ...     0.76 

8.7 

5.6 

0.30 

12 

12. 

25. 

6.4     1.75 

13.9       15.4     0.78 

Ave.                             1.5 

12.45 

12.45  on 

10 

12. 

25. 

7.6     1.95 

14.5       13.1     0.81 

VI.    14.    Vinegar,  890  pounds,  four  years 

old,  fed  medium  protein  ration  434  days. 

April  1,  1915  to  June  8,  1916 

1»  10. 

36. 

2.7     1.25 

12.8      33.8     1.60 

5         9.1  20.4     4.6     1.3 

10.6 

7.9 

0.51 

2 

10. 

36. 

9.2     2.35 

16.9      30.9     1.48 

11        8.     18.      3.2    0.9 

9.1 

5.5 

OiS 

6 

10. 

30. 

9.4     2.35 

15.1       28.6     1.42 

3         7.     14.       2.2     0.7 

7.25 

4.8 

055 

5 

11.6 

26.1 

9.6     2.4 

15.9       22.7     1.16 

8        7.     14.      ...     0.35 

5.8 

3.1 

o.:i 

6 

12. 

25. 

7.6    2. 

14.6       17.8     0.92 

Ave.                              1.45 

11.4 

12.6 

o.ss 

17 

10. 

22. 

6.7     1.7 

12.6       11.8     0.68 

VI. 

15. 

Karah,  850  pounds,  five  years 

old,  fed  low  protein  ration  495  days. 

January  15.  1915  to  May  25,  1916 

1» 

10. 

36. 

2.7     1.05 

10.2       27.5     1.40 

10      11.     22.      6.5    1.4 

12.9 

12. 

0.68 

3 

9.3 

36. 

9.2     1.7 

15.8       27.9     1.43 

9      10.     20.      5.2    1.05 

11.66 

11.1 

0.64 

10 

12. 

25. 

9.6     1.8 

15.8       25.8     1.33 

12        8.2  18.      ...     0.45 

7.5 

6. 

0.31 

10 

12. 

25. 

7.9     1.6 

14.8       21.3     1.11 

Ave.                             1.33 

13.05 

15.8 

0.8S 

17 

12. 

25. 

7.1     1.65 

14.3       16.       0.85 

•Three  days  only. 
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Attention  is  called  to  the  fact  that  the  live  weights  are  hypothetical 
and  approximate  but,  also,  to  the  great  care  employed  in  determining 
them  (see  pages  11-12). 

The  following  statements  set  forth  the  data  in  so  far  as  they  per- 
tain to  these  cow^ : 

Haecker  Savage  Ek^kles 

(converted) 

Total  Total  Total 

Digestible  digestible  Digestible  digestible  Digestible    digestible 

protein  nutrients  protein  nutrients  protein       nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.               lbs. 

VI.     11.    Augusta 

Maintenance,  820  pounds...      0.574  6.50  0.574  6.50  0.488            5.31 

Milk,  13.  pounds,  5% 0.780  5.17  0.949  5.27  0.962            5.06 

Total  maintenance  and  milk 

(calculated)    1.354  11.67  1.523  11.77  1.450          10.37 

Total  maintenance  and  milk 

(actual)   1.92  12.1  1.92  12.1  1.92            12.1 

±    +42  +4  +26  +3            +32  +17 

Armsby   (conv.)   standard..      1.346  1.92  +43%  9.73  12.1          +24% 

VI.     12.    Fizzy 

Maintenance,  900  pounds...      0.630  7.14  0.630  7.14  0.536            5.83 

Milk,  13.7  pounds,  5%%....      0.897  5.99  1.082  6.08  1.110            6.29 
Total  maintenance  and  milk 

(calculated)    1.527    *  13.13  1.712  13.22  1.646          12.22 

Total  maintenance  and  milk 

(actual)  1.91  12.  1.91  12.  1.91            12. 

±    +25  —9  +12  —9            +16  —2 

Armsby  (conv.)   standard..      1.509  1.91  +26%  11.10  12.              +8% 

VI.    13    Isadore 

Maintenance,   890   pounds..      0.623  7.06  0.623  7.06  0.530            5.77 

Milk,  12.45  pounds,  5%%..      0.817  5.45  0.984  5.51  1.008            5.73 
Total  maintenance  and  milk 

(calculated)    1.440  12.51  1.607  12.57  1.538          11.50 

Total  maintenance  and  milk 

(actual)  1.5  12.4  1.5  12.4  1.5              12.4 

±  +4  —1  —7  —1  —2                +8 

Armsby  (conv.)  standard..      1.414  1.5  +6%  10.48  12.4          +18% 

.  VI.    14.    Vinegar 

Maintenance,  890  pounds...      0.623  7.06  0.623  7.06  0.530            5.77 

Milk,  12.6  pounds,  514%...      0.806  5.34  0.970  5.43  0.995            5.44 
Total  maintenance  and  milk 

(calculated)    1.429  12.40  1.593  12.49  1.525          11.21 

Total  maintenance  and  milk 

(actual)   1.45  11.4  1.45  11.4  1.45            11.4 

±    +1  —8  —9  —9  —5                +2 

Armsby  (conv.)  stondard..      1.399  IM  +3%  10.37  llA          +10% 

VI.    15.    Karah 

Maintenance,  850  pounds...      0.595  6.74  0.595  6.74  0.505            5.51 

Milk,  15.8  pounds,  5%%....      1.011  6.70  1.217  6.81  1.248            6.83 
Total  maintenance  and  milk 

(calculated)    1.606  13.44  1.812  13.55  1.753          12.34 

Total  maintenance  and  milk 

(actual)   1.33  13.05  1.33  13.05  1.33            13.05 

±    —17  —3  —27  —4           —24  +6 

Armsby  (conv.)  standard..       1.596  TSS  —17%  11.28  13.05        +16% 
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So  far  as  digestible  protein  is  concerned  Augusta  and  Fizzy,  on 
the  high  protein  ration,  were  fed  respectively  from  %  to  %  and  from 
Ys  to  %  excess;  Isadore  and  Vinegar  receiving  the  medium  protein 
ration,  respectively  from  %e  excess  to  %  deficiency  and  from  %3  ex- 
cess to  %o  deficiency;  while  Karah,  who  ate  the  low  protein  ration, 
lacked  from  Vq  to  %  oi  eating  enough  to  meet  standard  requirements. 

None  of  the  cows  received  a  surplus  of  total  digestible  nutrients 
except  as  measured  by  the  Armsby  (converted)  standard,  the  figures 
being:  Augusta  +H3  ^  +%  ;  Fizzy,  0  to  +%2  ;  Isadore,  0  to  +%; 
Vinegar,  +%©  to  —Ho ;  Karah,  — %»  to  +%. 

The  milk  and  fat  yields  in  view  of  the  restricted  diets  were  fairly 
satisfactory,  being:  Augusta,  13.  and  0.66;  Fizzy,  13.7  and  0.79; 
Isadore,  12.45  and  0.71 ;  Vinegar,  12.3  and  0.68;  Karah,  15.8  and  0.85. 

Treating  these  15  records  in  segregated  fashion,  each  cow  being 
treated  as  a  unit  regardless  of  how  much  or  how  little  she  ate  or  gave, 
w'e  have  three  groups,  as  follows : 

I.  Four  grade  Holsteins,  farrow  when  dried  off  (Altje  (2), 
Bontje,  Durtje). 

II.  One  grade  Holstein,  in  milk  when  served  (Bontje). 

III.  Ten  grade  Jerseys  and  one  grade  Ayrshire,  all  but  one 
farrow  when  dried  off,  one  (Sabra)  giving  5.7  pounds  a  day  when 
sold  (Sabra,  Dell  R.,  Effa,  Mary,  Karah  (2),  Augusta,  Fizzy, 
Isadore,  Vinegar). 


The  Maintenance  Requirements  of  Dairy  Cattle        109 


9 

a 
o 

? 


O 


n 


4-»4J 

OD  O 

tfiA 


110  1 

Per 

1,000     1 

lACLl 

poundB 

ible 

3 

l§ 

Sc 

l^ 

a-s 

tal  dl 
nutrie 

1 

|s 

grest 
prot 

i 

1 

e 

iw4 

Q 

1^ 

» 

e 

s 


VI.     1. 
VI.     2. 


VI. 
VI. 
VI. 
VI. 
VI. 
VI. 
VI. 


3. 
4. 
5. 
6. 
7. 
8. 
9. 


VI.  10. 
VI.  11. 
VI.  12. 
VI.  13. 
VI.  14. 
VI.  15. 


Altje 

Altje 

Bontje 

Bontje 

Durtje 

Sabra 

Dell  R. 

Effa 

Mary 

Karah 

Augusta 

Fizzy 

Isadore 

Vinegar 

Karah 


I 

I 

I 

II 

I 


lbs.  lbs.  lbs. 

Med.  522  1,297  2.38  18.65 

Med.  516  1,257  1.73  13.75 

Low  448  1,134  2.13  19.8 

Low  495  1,171  1.63  15. 

High  517  1,254  3.ia  20.2 

III    Med.  379  862  1.93  13.5 

III     High  487  889  1.93  1L4 

III     Low  492  796  1.23  11.3 

III    Med.  826  1,006  1.42  10.5 

III     Low  404  822  1.4  13.45 

III     High  414  820*  1.92  12.1 

lU    High  545  900*  1.91  *  12. 

Ill     Med.  411  890*  1.5  12.45 

III    Med.  434  890*  1.45  11.4 

III     Low  495  850*  1.33  13.05 


lbs. 

1.84 
1.37 
1.86 
1.40 
2.53 
2.24 
2.21 
1.54 
L42 
1.72 
2.34 
2.12 
1.69 
1.63 
1.56 


lbs. 

14.35 

10.8 

17.35 

12.8 

16.1 

15.7 

13. 

14.1 

10.5 

16.35 

14.75 

13.35 

14. 

12.8 

15.35 


lbs. 

22.45 
14.9 
30.1 
23.7 
27.1 
16.45 
16.65 
13.7 
13.3 
9.55 
13. 
13,7 
12.45 
12,6 
15.8 


lbs. 

2.76 
1.73 
3.54 
2.86 
3.22 
2.54 
2.12 
2.12 
1.91 
•1.44 
1.88 
2.16 
1.88 
1.83 
2.38 


lbs. 

0.78 
0.51 
1.03 
0.82 
0.91 
0.99 
0.63 
0.82 
0.69 
♦0.52 
0.66 
0.79 
0.71 
0.68 
0.85 


Average 
Group  I 
Group  II 
Group  III 

Low  protein 
Medium  protein 
High  protein 


493 
501 
495 
489 


988 
1,236 
1,171 

873 


467  955 
515  1,035 
491        966 


1.81 
2.36 
L63 
1.60 

1.54 
L74 
2.24 


13.9 
18.1 
15. 
12.1 

14.5 
13.4 
13.9 


1.83  14.1  17.05 
1.9  14.7  23.65 
1.40  12.8  23.7 

1.84  14.  13.7 

1.62  15.2  18.6 

1.70  13.05  15.05 

2.30  14.3  18.6 


2.29 
2.81 
2.86 
2.03 

2.47 
2.11 
2.35 


0.76 
0.81 
0.82 
0.73 

0.81 
0.73 
0.75 


^Hypothetical. 


COMPARISON   WTTH   STANDARDS 


Bntire  lot 
(15  records) 

Average  live  weights,  lbs 988 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes, lbs 1.81     13.9 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Haecker ) ,  lbs 1.66    14.1 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes   (Savage),   lbs 1.87    14.2 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Eckles,  converted),  lbs.    1.79    12.7 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Armsby,  converted),  lbs.    1.64    11.7 

±  (Haecker)    +  9  —  1 

±  (Savage)    —  3  —  2 

±  (Eckles,  converted)    +  1  +9 

±  (Armsby,  converted) 4-10  -|-19 


Group  I 
(4  records) 

1,236 


2.36     18.1 


Group  II 
(1  record) 

1,171 


1.63     15. 


Group  III 
(10  records) 

873 


1.60     12.1 


2.02     17.10        1.98     16.71         1.48     12.64 


2.29     17.23         2.27     16.85         1.65     12.73 


2.19     15.07         2.17     14.75         1.68     11.55 


2.00     13.99 
+17      +  6 
+  3      +5 
4-  8      -f  20 
+18      +29 


1.98     13.68         1.46     10.66 
■18     —10        +8       —4 
-28     —10       —  3       —5 
-25—2        +1        +5 
-18      +10        +10      +14 


Note. — Entire  group  4%  percent  milk;  Groups  I,  II  and  III,  respectively,  3%,  3Vi 
and  5%  percent  milks. 
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COMPABIBON   WITH   STANDARDS 


Entire  lot 
(15  records) 

Average  live  weights,  lbs 988 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes, lbs 1.81    13.9 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes  (Haecker),  lbs 1.66    14.1 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes   (Savage),  lbs 1.88    14.2 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Eckles,  converted),  lbs.    1.79    12.7 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Armsby,  converted),  lbs.     1.64    11.7 

±  (Haecker)    +  9  — 1 

Hh  (Savage)    —  3  —  2 

dt  (Eckles,  converted)    +  1  +9 

dt  (Armsby,  converted) -flO  -\-19 


Low  protein 
(5  records) 

955 


1.54     14.5 


1.71     14.3 


2.02     14.4 


Medium  protein     High  protein 
(6  records)  (4  records) 

1,035  966 


1.74     13.4 


2.24     13.9 


1.62     14.05         1.64     13.85 


1.82     14.2 


1.86     12.95         1.73     12.7 


1.85     13.95 


1.77     12,4 


1.70     11.85 

—  8  +2 
—19  +  2 
—15  +13 

—  8  +24 


1.59     11.7  1.62     11.45 

+6—6  +36  0 

—5—6  +21     —  1 

0+5  +26      +11 

+8      +14  +37      +20 


The  grade  Holsteins  as  a  class,  that  is  to  say,  those  which  dried  off 
while  farrow,  ate  more  than  enough  food  (0  to  %  excess  digestible  pro- 
tein, %o  to  %o  excess  total  digestible  nutrients.  Bontje,  grade  Hol- 
stein,  the  only  cow  served  when  in  milk,  ate  far  too  little  (%  to  %o 
deficiency  in  digestible  protein,  %o  deficiency  to  %o  excess,  in  total 
digestible  nutrients).  And  the  ten  cows,  mostly  farrow  when  dried 
off,  had  enough  to  eat  to  meet  standard  requirements  (0  to  %o  excess 
digestible  protein,  %o  deficiency  to  %  excess  total  digestible  nutrients). 
The  entire  lot  of  cows  on  the  average  ate  standard  amounts  of  digesti- 
ble protein  (0  to  +Ko)  and  total  digestible  nutrients  (0  to  +%)• 
Indeed  it  is  interesting  to  note  how  close  is  the  comparison  between 
the  average  figures  and  those  in  section  V  (page  90). 


Eckles 

Armsby 

Haecker 

Savage 

(converted) 

(converted) 
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H 

Q 
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%      % 

%        % 
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%          % 

V.      16  records  

+11  —1 

—2    —2 

+2     +11 

+12     +20 

VI.    15  records   

+  9     -1 

—3     —2 

+1     +  9 

+10     +19 

As  was  noted  under  section  V,  page  91,  the  cows  which  made 
the  most  milk  (groups  I  and  II)  used  less  food  per  unit  of  pr(xluct  in 
making  it  than  those  which  yielded  less.     However,  the  reverse  was 
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true  in  respect  to  solids  and  fat,  the  cows  making  the  lower  milk  yields 
making  more  solids  and  fat  per  food  unit  than  those  yielding  more 
heavily. 


Total 

dlsrestible 

nutrients 

Per  pound  of  total 
digestible  nutrients 

Milk 

Total 
solids 

Fat 

Milk 

Total 

solids          Fat 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.             lbs. 

12.1 

13.7 

2.03 

.   0.73 

1.13 

.168           .060 

17.5 

23.65 

2.82 

0.81 

1.35 

.161          .046 

Group  III.    Farrow  Jerseys, 
etc 

Groups  I  and  II.    Yarrow 
Holsteins,  etc 17.5 


The  Holsteins,  fed  enough  food,  made  %  more  milk,  %  more 
solids  and  ^io  more  fat  than  the  Jerseys,  using  %  more  food;  and 
made  per  unit  of  food  %  more  milk  but  %o  '^ss  solids  and  l^  less  fat. 
The  grade  Holsteins  as  a  whole  lost  weight  during  the  long  trial,  two 
decidedly,  one  slightly,  two  practically  holding  their  own.  The  regis- 
tered Ayrshire  added  greatly  to  her  live  weight,  three  grade  Jerseys 
increased  somewhat  in  live  weight  and  one  lost  quite  heavily. 

The  low  protein  fed  cows  ate  %2  too  little  digestible  protein 
(H.,  A.)  and  %  to  %  too  little  (E.,  S.),  but  standard  (H.,  S.)  to  % 
to  %  superstandard  amounts  (E.,  A.)  of  digestible  dry  matter. 

The  medium  protein  fed  cows  ate  from  %o  too  little  (S.)  to  %4 
too  much  (H.,  A.)  digestible  protein  and  from  %o  too  little  (H.,  S.) 
to  34  too  much  (A.)  digestible  dry  matter. 

The  high  protein  fed  cows  ate  from  %  to  34  too  much  (S.,  E.)  to 
%  too  much  (H.,  A.)  digestible  protein  and  from  standard  amounts 
(H.,  S.)  to  Kg  to  %  too  much  (E.,  A.)  digestible  dry  matter. 


VII.     Maintenance  and  Lactation  of  Non-Pregnant  Cows 

WHICH  Had  Aborted 

Five  cows  contribute  testimony  here,  one  of  them  twice.  How- 
ever, owing  to  prolonged  illness,  one  record  of  this  latter  cow  is  of 
little  avail.     There  are  thus  five  serviceable  records. 

VII.  1.  Altje,  grade  Holstein,  nine  years  old,  was  in  milk  for 
133  days  following  abortion  and  prior  to  service,  from  August  2  to 
December  13,  1910.  She  was  fed  the  medium  protein  ration.  Her 
feeding  after  the  first  month  was  quite  uniform  as  is  indicated  below: 


Veekt 

i      Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

4 

8. 

30. 

8.9 

11 

17. 

36. 

9. 

4 

16.3 

32. 

10. 
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Her  nutrient  intake,  milk  and   fat  yields  and  comparison  data 
follow : 


Per 

1,000 

ao 

Actual 

pounds  live 
weight 

Actual 

CB 

c 

c 

G 

4-1 

M-4 

3 

o 

•s-g 

©■g 

4-1 

o 

•M 

•>N 

■*-*  s 

o 

o 

.o 

©5 

•0.5 

u 

.o 

Im 

5 

h'O 

»•  w 

** 

O, 

T3 

cx 

»™ 

AP 

«5 

a 
o 

-a 

% 

9 

»-4 

8Q 

m  a 

•dr 
^*3 

1 

53 

8^ 

(4 

2 

stlble 
of  sta 

^0 

§ 

? 

3g 

5g 

o 

c4 

4) 

l+i 

Q 

a 

Q 

H 

Q 

s 

I^ 

(X4 

Q 

F" 

Weeks 

4 

4 

11 


lbs. 

1,296 
1.330 
1,344 


lbs. 

2.25 

2.9 

2.65 


lbs. 
15.2 
20.3 
19.4 


lbs. 

1.74 
2.18 
1.97 


lbs. 

11.75 

15.3 

14.45 


lbs. 

36.4 
33.8 
29.6 


lbs. 

1.26 
1.12 
1.01 


% 


-15  to  —27 
-  1  to  +14 
■  1  to  +12 


—15  to  -29 

—  2  to  -!-?? 

—  1  to  -f  IS 


Ave.      1.331      2.61    18.6 


1.96     14. 


31.85     1.09 


—  9  to  +  5 


—10  to  +11 


Haecker 


Savaer6 


EcKles 
(converted) 

Total  Total  Total 
Digestible    digestible     Digestible    digestible     Digestible    digeftiv* 
x-«_       _.-^_.__x_        x-j_        nutrients        protein       nutrienti 


protein 
lbs. 

0.932 
1.561 


Maintenance,  1,331  pounds. . 
Milk,  31.85  pounds.  3^^%. . . 
Total  maintenance  and  milk 

(calculated)    2.493 

Total  maintenance  and  milk 

(actual)   2.61 

±  +5 


nutrients 
lbs. 

10.55 
9.97 

20.52 

18.6 
-9 


protein 
lbs. 

0.932 
1.943 

2.875 

2.61 
-9 


lbs. 

10.55 
10.16 

20.71 

18.6 
—10 


lbs. 

0.792 
1.974 

2.766 

2.61 
—6 


lb& 

8.62 

9.62 

18.24 

18.6 

+2 


Armsby  (conv.)  standard..       2.512 


2.61 


+4%  16.8  18.6  +irf 

Altje  received  a  sub-standard  ration  or,  at  the  best,  barely  a 
standard  ration.  During  the  first  month  she  was  decidedly  under- 
fed. During  the  next  four  months,  however,  she  received  from  0  to 
about  %  more  total  digestible  nutrients  than  standards  indicated.  On 
the  average,  her  digestible  protein  intake  was  from  %o  deficient  to  %o 
excessive  and  her  total  digestible  nutrient  intake  from  ^o  deficient 
to  /4o  excessive.  Under  the  circumstances,  in  view  of  her  limited 
ration  and  her  misfortune,  Altje  did  well  to  make  practically  32 
pounds  of  milk  and  1.1  pounds  of  fat  daily  for  five  months. 

VII.  2.  Sabra,  grade  Jersey,  seven  years  old,  was  in  milk  for 
138  days  from  May  25  to  October  11,  1910,  subsequent  to  abortion 
and  prior  to  service.  She  was  fed  the  medium  protein  ration.  Her 
food  was  increased  as  she  progressed  in  lactation  as  is  indicated  below : 


Weeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Oral 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1* 

6. 

8.6 

2. 

10 

12. 

25. 

8. 

3* 

3.2« 

5.5 

4.7 

2 

12. 

28.6 

8.6 

2 

12. 

12.5 

8. 

2 

15. 

36. 

8.6 

^Pastured  during  this  time. 
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Her  nutrient  intake,  milk  and   fat  yields  and  comparison  data 
follow : 


c 
o 


Per 

1.000 

1 

Actual 

pounds  live 
weight 

Actual 

a 

a 

W4 

•r^ 

o 

o 

« 

« 

••-* 

^M 

*J 

o 

.o 

o 

^ 

u 

1h 

.^4 

l5 

•d 

% 

:3 

Xi 

.*4 

p-4 

9 

00 

'Total 
nut 

I 

■33 

J^ 

>k 

> 

i9 

bo 

5 

i 

E3  n 

©"Si 

.o 

£+1 


5 

C    Q 

|| 

in  6} 

^+1 


Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

%            % 

%             % 

1 

798 

0.7* 

6.* 

0.88* 

7.5* 

15.7 

0.89 

—56  to  —61 

—46  to  —65 

3 

753 

0.95* 

5.7* 

1.26* 

7.6* 

23.6 

1.29 

—54  to  —60 

—58  to  —65 

2 

794 

2.05 

13.8 

2.58 

17.4 

27.5 

1.39 

—  7  to  —20 

—  5  to  —21 

10 

835 

2.25 

15.95 

2.7 

19.1 

25. 

1.26 

— .  7  to  +  8 

—  5  to  +15 

2 

878 

2.45 

15.65 

2.79 

17.8 

20.3 

1.24 

4-  8  to  +24 

—  4  to  +16 

2 

884 

2.6 

18.3 

2.95 

20.7 

17.7 

1.03 

+29  to  +47 

+23  to  +48 

Ave. 


826       2.01     13.95         2.42     16.7         23.5       1.24 


—14  to  —  1 


—16  to  +  2 


Haecker 


Digrestible 
protein 

lbs. 

Maintenance,  826  pounds . . .  0.578 

Milk,  23.6  pounds,  5^% 1.457 

Total  maintenance  and  milk 

(calculated)    2.035 

Total  maintenance  and  milk 

(actual)     2.01 

±1  —1 

Armsby  (conv.)  standard..       2.077 
*At  pasture  three  weeks. 


Total 
digrestible 
nutrients 

lbs. 

6.55 
9.66 

16.21 

13.95 
—14 


Savage  Eckles 

(converted) 

Total  Total 

Digestible    digestible     Digestible    digestible 
protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs. 


0.578 
1.763 

2.341 

2.01 
-14 


6.55 
9.82 

16.37 

13.95 
■15 


0.491 
1.798 

2.289 

2.01 
-12 


5.35 
9.66 

15.01 

13.96 

—7 


2.01      —  3% 


13.65 


13.95         +  2% 


Sabra  was  at  pasture  for  three  weeks  at  the  outset,  her  condition 
being  such  that  it  seemed  essential.  Of  course  no  record  could  be 
kept  as  to  her  food  intake  while  in  pasture  and  hence  the  figures  in 
the  subjoined  tables  for  the  first  two  sub-periods  are  low  of  truth  and, 
consequently,  the  averages  are  understatements.  In  only  two  or  pos- 
sibly three  instances  in  the  entire  set  of  trials  was  the  strict  rule  abro- 
gated to  keep  the  animals  in  the  barn  and  the  exercise  yards.  This  was 
one  of  these  exceptions,  made  for  what  at  the  time  appeared  to  be 
sufficient  reason. 

Subject  to  the  qualifications  indicated  above  in  connection  with 
the  feeding  of  this  cow  immediately  after  abortion  when  she  was  at 
pasture,  it  may  be  said  that  Sabra  received  a  sub-standard  ration. 
Shutting  one's  eyes  to  her  food  intake  in  the  pasture,  she  ate  on  the 
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average  from  0  to  ^  too  little  digestible  protein  and  from  0  to  % 
too  little  total  digestible  nutrients.  During  the  third,  fourth  and  fifth 
sub-periods,  when  she  was  entirely  barn  fed,  she  received  either  a  sub- 
standard or  a  more  than  standard  ration,  according  to  the  measuring 
stick  which  is  used.  It  will  be  noted,  furthermore,  that  she  gave  more 
milk  and  more  fat  after  she  came  in  from  pasture  than  while  she  was 
at  pasture.  Apparently  she  utilized  her  pasture  period  to  some  extent 
in  regaining  her  bodily  condition  following  her  misfortune.  Under 
the  circumstances  Sabra  did  well  to  make  an  average  of  23.5  pounds 
of  milk  and  1.24  pounds  of  butter  fat  during  the  four  and  one-half 
months  following  abortion. 

VII.  3.  Nesbit,  grade  Jersey,  eight  years  old,  was  in  milk  for 
200  days  following  abortion,  from  June  11  to  December  30,  1916,  at 
which  time  she  went  dry  while  farrow.  She  was  fed  the  high  protein 
ration.     Her  feeding  record  follows^ : 

Weeks      Hay         Silage        Grain  Weeks       Hay         Silage       Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

1  6.  8.6  2.  2  12.  12.6  8. 

1  ..  2.9  3.  10  12.  25.  8. 

1  ..  5.7  5.  2  12.  28.6  8.6 

1  9.7  8.  6.  2  15.  36.  8.6 

Owing  to  the  loss  of  the  weight  records  (see  pages  11-12),  only  the 
following  general  statement  can  be  made : 

Haecker  Savage  E^ckles 

(converted) 

Total  Total  ToU' 

Digestible    digestible     Digestible    digestible     Digestible    digerj''^ 
protein      nutrients        protein        nutrients        protein       nutrkr/J 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  960  pounds...  0.672  7.61  0.672  7.61  0.571  6.2! 

Milk,  15.75  pounds,  5%....  0.945  6.27  1.150  6.38  1.166  6.1S 
Total  maintenance  and  milk 

(calculated)    1.617  13.88  1.822  13.99  1.737  12.3S 

Total  maintenance  and  milk 

(actual)   2.2  14.05  2.2  14.05  2.2  14.« 

±    -h36 -hi            +21 0  4-27  +14 

Armsby  (conv.)  standard..       1.611  2^2        +37%  11.57  14.05         +22fP 

Owing  to  the  fact  that  Nesbit  was  fed  the  high  protein  ration 
and  was  fed  a  liberal  amount  of  grain,  she  naturally  received  an  ex- 
cessive supply  of  this  nutrient,  the  excess  ranging  from  -|-%  to  +%♦ 
and  she  ate  from  0  to  -j-%  excess  of  total  digestible  nutrients.  Yet, 
notwithstanding,  she  made  only  15.75  pounds  of  milk  and  0.79  pounds 
of  fat — a  poor  record  in  view  of  what  she  received.  However,  Nesbit, 
as  is  elsewhere  remarked,  was  never  a  good  cow. 

^  There  seems  reason  to  assume  that  Nesbit  was  pastured  for  three  weeks ; 
yet  none  of  the  records  Indicate  it.     Her  feeding  was  extremely  low,  otherwise. 
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VII.  4.  Augusta,  grade  Jersey,  eight  years  old,  was  in  milk  for 
146  days  from  September  13,  1919,  when  she  aborted,  until  February 
6,  1920,  when  she  was  sold,  unserved,  while  giving  about  12  pounds  of 
milk.  She  was  fed  the  high  protein  ration  and  was  treated  liberally 
with  a  view  of  keeping  her  at  work,  her  misfortune  to  the  contrary 
notwithstanding,  as  appears  by  the  subjoined  feeding  record : 


Beks 

Hay 

Silagre 

Grain 

Weeks 

Hay 

Silasre 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

5.7 

12. 

3.4 

4 

11.3 

24. 

9. 

6 

11.4 

24. 

6.8 

6 

14. 

28. 

9. 

4 

12.7 

26.4 

8.3 

Her  nutrient  intake,  milk  and   fat  yields  and  comparison  data 
follow : 


Per 

1,000     1 

1 

5 

Actual 

pounds  live 
weifirht 

Actual 

cn 

c 

d 

4^ 

« 

o 

« 

o 

•"g 

■*-» 

*-4 

•M 
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o 

.o 

o 

Xi 

o«2 
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u 

ra 

h 

■fl 

tits 

c»a 

c 

W4 

0. 

II 

•d 

le  pi 
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6| 

o 

% 

^ 

? 

-1 

.o 

00 

■^ 

|o 

Q 

5 

5 

5§ 

bo 

•V4 

Q 

g 
^ 

6+1 

Weeks 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

% 

95 

> 

.% 

% 

1* 

820 

1.05 

6.75 

1.3 

8.25 

23.1 

■  •   • 

—56 

to 

54 

—49  to  —57 

6 

738 

2.15 

13.45 

2.9 

18.2 

21.2 

«   •   ■ 

-h  4  to 

+ 

17 

—  7 

to 

+  2 

4 

732 

2.5 

15.4 

3.4 

21. 

16.2 

•  •   • 

+48  to  + 

68 

+25 

to 

+50 

4 

729 

2.5 

14.8 

3.45 

20.3 

15.4 

•  •  • 

+53 

to 

+ 

75 

+23 

to 

+49 

6 

736 

2.76 

16.6 

3.75 

22.55 

13.75 

•  •   • 

+81 

to 

+105 

+46 

to 

+76 

Av< 

5. 

737 

2.41 

14.65 

3.27 

19.9 

17.1 

•   •  • 

+38 

to 

+ 

58 

+17 

to 

+38 

•Six  days. 

• 

Haecker 


Savagre 


Total  Total 

Dlgrestible    di^stlble     Digestible    digestible 
protein      nutrients       protein        nutrients 


lbs.  lbs. 

Maintenance,  737  pounds. . .      0.516  5.84 

Milk.  17.1  pounds,  5% 1.026  6.81 

Total  maintenance  and  milk 

(calculated)    1.542  12.65 

Total  maintenance  and  milk 

(actual)     2.41  14.65 

±     +56  +16 


lbs. 

0.516 
1.248 

1.764 

2.41 
+37 


lbs. 

5.84 
6.93 

12.77 

14.65 
+15 


Eckles 
(converted) 

Total 
Disrestible    digestible 
protein       nutrients 

lbs.  lbs. 


0.439 
1.265 

1.704 

2.41 

+42 


4.78 
6.65 

11.43 

14.65 
+28 


Armsby  (conv.)  standard..      1.554 


2.41       +54% 


10.53 


14.65 


+38% 


No  samples  were  taken  of  Augusta's  milk  during  this  particular 
period,  but  in  view  of  the  considerable  data  in  hand  covering  a  period 
of  four  years  it  is  fairly  safe  to  assume  that  its  average  fat  content  for 
nearly  five  months  closely  approximated  5  percent. 
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Augusta  was  grossly  overfed.  She  received  from  %  to  ^  more 
digestible  protein  and  from  %  to  %  more  digestible  nutrients  than 
she  needed;  and  yet  she  made  but  17.1  pounds  of  milk  and  0.85 
pounds  of  fat.     It  would  seem  as  if  she  should  have  done  better. 

VII.  5.  IsADORE,  grade  Jersey,  11  years  old,  aborted  July  5, 
1918,  served  June  12,  1919,  was  fed  the  medium  protein  ration.  Her 
record,  which  was  faithfully  kept,  is  of  little  or  no  avail  for  the  reason 
that,  beginning  August  3  and  continuing  for  several  weeks,  the  cow 
was  seriously  ill. 

VII.  6.  IsADORE,  grade  Jersey,  13  years  old,  aborted  on  Febru- 
ary 13  and  dried  off  on  October  19,  1920,  being  in  milk  249  days.  She 
was  fed  the  medium  protein  ration,  her  feeding  record  being  as  follows: 


eeks 

Hay 

Sllaere 

Grain 

lbs. 

lbs. 

lbs. 

17 

9. 

18. 

5. 

8 

10. 

21. 

6. 

4 

14. 

28. 

8. 

eeks 

Hay 

Sila^ 

Orain 

lbs. 

lbs. 

lbs. 

1 

16. 

31. 

9. 

4 

8. 

31. 

9. 

1 

13. 

28. 

8. 

Her  nutrient  intake,  milk  yield  and  comparison  data  follow : 
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1 

Actual 
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Actual 
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5 
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COD 
'S'g 


ISO 


c 

e 


e  si 

5« 


c 


Weeks 

17 
8 
4 
1 
4 
1 


lbs. 

889 
822 
827 
832 
833 
871 


lbs. 

1.2 

1.36 

1.86 

2.06 

1.86 

1.8 


lbs. 
10.06 
11.6 
16.8 
17.3 
13.8 
16.3 


lbs. 

1.35 

1.66 

2.26 

2.46 

2.2 

2.06 


lbs. 

11.3 
14.1 
19.1 
20.8 
16.6 
17.76 


lbs. 

16.8 
7.9 
7.9 
6.1 
3.2 
2. 


lbs 


% 

— -  31  to 

-f  11  to 

-f  62  to 

+106  to 

+120  to 

+133  to 


% 
—  40 
+  27 
+  73 
+136 
+163 
+170 


% 


?* 


—18  to  - 
+15  to  i  S 

+56  to  r  8' 
+94  to  -134 
+71  to  '1*' 
+96  to  -1** 


Ave. 


868       1.43     11.86         1.67     13.8 


11.4 


6  to  +     7        —  llo  '  18 


Haecker  Savage 

Total  Total 

Digestible  digestible  Digestible  digestible 

protein  nutrients  protein  nutrients 

lbs.  lbs.  lbs.  lbs. 

Maintenance,  868  pounds...      0.601  6.80  0.601  6.80 

MHk.  11.4  pounds.  6% 0.764  6.14  0.923  6.21 

Total  maintenance  and  milk 

(calculated)    1.366  11.94  1.624  12.01 

Total  maintenance  and  milk 

(actual)     1.43  11.85  1.43  11.86 

±  +5  —1  —6  —1 

Armsby  (conv.)  standard..      1.343  IAS  +  7%  10.01 


Eckles 
(converted' 

Digestible  diges:* 
protein      nxr^* 

lbs.  )^>^ 

0.611  i'>' 

0.946  5i4 


1.467 

1.43 
—2 


11.1 
lis 


11.86 


+1S 
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Isadore's  milk  was  not  analyzed  and  less  data  exist  as  to  its 
quality  under  similar  circumstances  than  exist  in  the  few  other  cases 
where  assumptions  had  to  be  made.  However,  there  is  every  reason 
to  believe  that  it  averaged  fully  6  percent  of  fat.  She  always  gave  rich 
milk. 

During  the  first  four  months  she  was  seriously  underfed  both  in 
respect  to  her  digestible  protein  and  her  total  digestible  nutrient  intakes 
which  were  lacking  %o  ^o  %  and  %  to  %  respectively;  and  she  re- 
sponded by  rapidly  dropping  in  live  weight.  During  the  next  two 
months  she  got  a  more  nearly  rational  diet  (+%o  ^o  +^  digestible 
protein:  +%  to  +%  total  digestible  nutrients),  and  she  ceased  losing 
weight.  During  the  next  two  months,  however,  notwithstanding 
liberal  feeding  (+%  to  +94  digestible  protein;  +%  to  +%  total 
digestible  nutrients),  she  barely  held  her  own,  though  beginning  to 
respond  at  the  very  close  of  the  period.  On  the  average  she  ate  an 
almost  exact  standard  diet,  except  in  respect  to  the  Armsby  (con- 
verted) standard;  but  in  view  of  the  profound  changes  in  her  feeding 
an  average  does  not  mean  much. 

These  five  records  can  not  be  treated  as  a  unit  with  the  same 
degree  of  safety  as  were  those  located  in  sections  V  and  VI.  Their 
numbers  are  less  and  the  history  of  the  cows  is  very  divergent.  Fur- 
thermore, in  one  case  the  live  weight  is  hypothetical  and  in  two  in- 
stances, since  no  milk  analyses  were  made,  tl)e  figures  for  total  solids 
and  fat  are  hypothetical.  While  these  figures  are  doubtless  close  ap- 
proximations, obviously  they  are  not  exact  and,  in  view  of  the  small 
numbers  in  the  group,  naturally  these  lapses  affect  the  validity  of  the 
average.  However,  it  seems  advisable  to  attempt  an  average,  these 
limitations  to  the  contrary  notwithstanding,  and  the  data  appear  in 
the  subjoined  table : 


118 


Bulletin  226 


S 

3 
G 


c 

a 
o 

OQ 


a> 


Actual 

Per  1,000 
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lbs.       lbs.     lbs. 

2.61  18.6 
2.01  13.95 


VII.  1.  Altje        Gd.  Holstein  Med.   133  S.   1,331 

VIL  2.  Sabra       Gd.  Jersey      Med.   138  S.      826 

VIL  3.  Nesbit      Gd.  Jersey      High  200  D.     960*  2.2     14.05 

VII.  4.  Augusta  Gd.  Jersey      High  146  So.    737     2.41  14.65 

VII.  6.  Isadore    Gd.  Jersey      Med.    249  D.     858 


1.43  11.85 


lbs.    lbs. 

1.96  14. 

2.42  16.7 

2.28  14.65 

3.27  19.9 

1.67  13.8 


lbs.      lbs.  Ite. 

31.85  3.81  1.09 

23.5     3.35  1.24 

15.75  2.22  0.79 

17.1     2.46*  O.S5« 

11.4     1.77*  0.68* 


Average 

Medium  protein 
High  protein 


173 

173 
173 


942     2.13  14.65     2.32  15.8       19.9 

1,005    2.02  14.8       2.02  14.8       22.3 
849     2.31  14.35     2.78  17.3       16.4 


2.71     0.93 

2.98     lO- 
2.31     O.St 


•Hypothetical.     8.  =  served ;  D.  =  dry ;  So.  =  sold  in  milk. 


CX)MPARISON   WITH   STANDABD8 


Entire  lot 
(5  records) 

Average  live  weights,  lbs 943 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes, lbs 2.14    14.6 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Haecker),  lbs 1.81    15. 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes  (Savage),  lbs 2.07    15.15 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Eckles,  converted),  lbs.    1.99    13.65 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Armsby,  converted),  lbs.    1.82    12.5 

±  (Haecker)     -f20  —  1 

±  (Savage)    +  6  —  2 

±  (Eckles,  converted)    -f  10  +  9 

±  (Armsby,  converted)   -f  20  -f  18 


Medium  protein 
(3  records) 

1,005 


2.02     14.8 


1.97     16.2 


2.25     16.35 


2.17     14.8 


High  protein 
(2  records) 

849 


2.31     14.35 


1.58     13.25 


1.79     13.4 


1.72     11.9 


1.58     11.05 


1.98     13.5 

+  3     —  8  -j-46  -f  9 

—10     —  9  +29  -f  8 

—  7      -f  1  -j-35  +21 

+  3      +11  +46  +30 


The  records  of  the  cows  in  section  VII  are  to  be  compared — if  at 
all — not  with  those  of  the  cows  in  section  VI,  which  on  the  average 
were  in  milk  for  493  days,  but  with  those  of  the  cows  in  section  V 
which  were  in  milk  on  the  average  for  217  days.  There  were  six 
records  made  by  grade  Holsteins  and  Ayrshires  and  10  made  by  grade 
Jerseys  in  group  V,  whereas  in  group  VII  there  was  only  one  grade 
Holstein  and  five  grade  Jerseys.  Obviously  the  former  group  is  ad- 
vantaged as  to  milk  yields  in  respect  to  breed  characteristics,  whereas 
the  latter  group  is  advantaged  in  respect  to  the  shorter  time  and  conse- 
quent heavier  average  daily  flow ;  yet,  on  the  other  hand,  it  is  disad- 
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vantaged  by  the  fact  that  the  cows  had  aborted.  On  this  account  it 
would  seem  well  to  make  comparisons  not  only  with  the  average  of 
the  16  records  in  section  V  but  likewise  with  the  average  of  five  records 
selected  from  these  16  records ;  records  of  cows  in  milk  for  about  the 
same  length  of  time  as  those  in  section  VII,  one  of  them  a  grade 
Holstein  and  the  others  grade  Jerseys.  Consequently  a  comparison  of 
this  character  is  included  in  the  subjoined  table.  The  three  horizontal 
lines  show ;  first,  the  average  record  of  the  entire  16  cows  in  group  V ; 
second,  the  record  of  the  selected  five  cows  from  group  V ;  and,  third, 
the  record  of  the  five  cows  in  group  7. 
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lbs. 

V 

16 

217 

1,004 

1.98 

14.8 

1.99 

14.9 

19.5 

2.61 

0.83 

V 

5 

195 

998 

2.22 

15.75 

2.19 

15.7 

20.7 

2.84 

0.91 

VII 

5 

173 

942 

2.13 

14.65 

2.32 

15.8 

19.9 

2.71 

0.93 

Comparing  the  two  entire  groups,  we  observe  that  the  cows  which 
aborted  ate,  per  1,000  pounds  live  weight,  %  more  digestible  protein  and 
YiQ  more  total  digestible  nutrients  than  did  the  cows  which  calved 
regularly  and  that  they  made  a  trifle  more  of  considerably  richer  milk. 
However,  their  trial  period  was  considerably  shorter  than  that  of  their 
competitors.  But  when  the  more  comparable  average  records  of 
the  two  sets  of  five  cows  each  are  placed  side  by  side  it  will  be  observed 
that  the  figures  are  somewhat  more  closely  alike ;  that  the  cows  which 
aborted  did  essentially  as  well  as  did  those  which  did  not  abort.  Not 
that  they  would  do  so  throughout  an  entire  lactation — far  from  it — 
but  that  in  the  particular  trial  under  review  and  during  the  initial  six 
months  of  the  lactation  period,  they  did  about  as  well  as  those  which 
did  not  abort.  However,  the  important  point  in  the  present  connection 
is  this :  that  to  all  intents  and  purposes  and  in  relation  to  the  question 
at  issue,  abortion  to  the  contrary  notwithstanding,  these  five  records 
can  be  treated  on  a  parity  with  the  16  records  listed  in  section  V  in 
which  they  naturally  would  have  been  included  had  the  cows  calved 
normally. 
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The  medium  protein  fed  cows  ate  from  %4  to  Vio  too  little 
(S.,  E.)  or  standard  amounts  (H.,  A.)  of  digestible  protein  and  ^2 
too  little  (H.,  S.),  standard  (E.)  or  %  too  much  (A.)  digestible  dry 
matter. 

The  high  protein  fed  cows  ate  %o  to  %  too  much  (S.,  E.)  to  % 
too  much  (H.,  S.)  digestible  dry  matter. 

The  former  as  a  whole  were  not  fed  quite  enough,  the  latter  too 
much,  according  to  standards. 

VIII.    MAINTENANCE,  LACTATION  AND  FOETAL 

CONSTRUCTION 

Six  cows  furnish  testimony  as  to  this  matter,  three  of  them  twice 
and  one  thrice.  However,  in  one  instance  the  cow  was  pastured 
through  error  and  the  record  vitiated.    Ten  records  are  available. 

VIII.  1.  Altje,  grade  Holstein,  10  years  old,  was  fed  for  278 
days  from  service  to  calving,  December  13,  1910  to  September  17,  1911, 
being  dry  during  the  last  six  weeks  of  the  period.  She  was  fed  the 
medium  protein  ration.     Her  feeding  record  follows : 


3eks 
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lbs. 

lbs. 
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36. 

9. 
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16.7 

44. 
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''eeks 
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lbs. 

lbs. 

12 

12. 

40. 

8.4 

2 

12. 

40. 

6.3 

1 

12. 

40. 

•  ■ 

6 

12. 

31.7 

•  • 

Her  nutrient  intake,  yields  and  camparison  data  follow : 
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Weeks       lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

%            % 

% 

4           1,362 

2.5 

19.5 

1.85 

14.3 

26.4 

0.90 

—  2  to  +11 

—11  to  -^1 

8           1.370 

2.85 

19.8 

2.1 

14.45 

25.9 

0.91 

4-12  to  +29 

+  4  to  4-r 

3           1,367 

2.75 

19.7 

2. 

14.35 

25. 

0.92 

+  9  to  +24 

+  2  to  ^t^ 

3           1,389 

2.7 

18.6 

1.95 

13.4 

23.8 

0.87 

+  5  to  +25 

—  2  to  +e:» 

12           1,408 

2.5 

17.5 

1.8 

12.4 

19.1 

0.72 

+14  to  +31 

0  to  +2: 

2           1,423 

2. 

15.95 

1.4 

11.25 

9.8 

0.42 

+21  to  +40 

+  7  to  +31 

1           1,440 

0.95 

12.2 

0.65 

8.5 

4.7 

0.18 

—16  to  -~27 

—  6  to  +14 

6           1,433 

0.85 

11.3 

0.6 

7.9 

Dry 

0  to  —15 

—  1  to  +22 

Ave.  33  weeks 

1,390 

2.55 

18.4 

1.83 

13.2 

21.6 

0.79 

+  9  to  +25 

—  1  to  +21 

Ave.  39  weeks 

1,397 

2.29 

17.25 

1.63 

12.35 

18.25 

0.67 

+  8  to  +24 

—  1  to  +22 
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It  has  seemed  necessary  in  connection  with  the  study  of  the 
records  in  this  particular  group,  to  make  two  final  statements,  namely, 
one  covering  the  time  when  the  cow  was  in  milk  and  one  covering  the 
entire  gestation,  including  both  the  time  while  she  was  in  milk  and 
when  she  was  dry.  This  system  is  followed  in  each  of  the  ten  cases 
discussed  in  this  particular  section  of  the  bulletin. 

Haecker  Savaere  Eckles 

(converted) 

Total  Total  Total 

Di£restible   digrestlble     Digrestible    digestible    Digestible   digestible 
protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Malntenance,l,390  pounds..  0.973  11.02  0.973  11.02  0.827  9.01 

Milk,  21.6  pounds,  3%%....  1.112  7.08  1.361  7.24  1.372  6.76 
Total  maintenance  and  milk 

(calculated)    2.085  18.1  2.334  18.26  2.199  15.77 

Total  maintenance  and  milk 

(actual)     2.55  18.4  2.55  18.4  2.55  18.4 

±   +22 +2  +9 +1           +16  4-17 

Arm&by  (conv.)  standard..      2.037  2!55       +25%  14.91  ISA  +23% 

Maintenance,  1,397  pounds. .  0.978  11.09  0.978  11.09  0.833  '  9.06 

Milk,  18.25  pounds,  3%%..  0.940  5.99  1.150  6.11  1.159  5.71 
Total  maintenance  and  milk 

(calculated)    1.918  17.08  2.128  17.20  1.992  14.77 

Total  maintenance  and  milk 

(actual)  2.29  17.25  2.29  17.25  2.29  17.25 

±    +19 +1  +8 0           +15  +17 

Armsby  (conv.)  standard..      1.855  2^29      +24%  14.03  17.25        +23% 

Altje,  on  the  whole,  had  enough  to  eat.  Her  digestible  protein 
intake  was  super-standard.  She  received  from  %o  to  %  more 
digestible  protein  than  standards  indicated.  Her  total  digestible  nutrient 
intake,  however,  was  varied  from  0  to  %  excess.  The  minus  signs 
are  rarely  in  evidence  except  during  the  time  when  she  was  dry  and 
the  weeks  immediately  preceding  drying  off. 

Altje  had  aborted  the  previous  August  and  had  made  during  the 
four  and  one-half  months  between  abortion  and  service  an  average  of 
practically  32  pounds  of  milk  a  day.  Under  the  circumstances,  she 
did  well  in  the  eight  months  following  to  make  an  average  of  21.6 
pounds  of  milk  and  0.79  pounds  of  fat.  She  seems  to  have  had,  on  the 
whole,  enough  to  do  with. 

VIII.  2.  Altje,  grade  Holstein,  10  years  old,  was  fed  the 
medium  protein  ration  for  277  days,  from  December  4,  1911  to  Septem- 
ber 7,  1912,  from  service  to  calving.     Her  feeding  record  follows : 

Weeks      Hay  Silagre        Grain  Weeks       Hay         Silagre        Grain 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

5Vt      12.  36.  10.  3  12.  40.  4. 

13  12.  40.  10.  1  12.  40.  3. 

13  12.  40.  9.  4V,        12.  40. 
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Her  nutrient  intake,  yields 

and  comparison  data  follow : 
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Weeks 
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lbs.       lbs. 

lbs.       lbs. 

lbs.        lbs. 

%             % 

%          r. 

5+ 

1,256 

2.5       17.65 

2.         14.1 

30.4       0.97 

—  6  to  +  8 

—  8  to  +13 

13 

1,271 

2.55     17.8 

2.         14. 

28.3       0.89 

0  to  -hl6 

—  5  to  +21 

13 

1,363 

2.4       17.15 

1.75     12.6 

19.8       0.69 

-f  10  to  4-28 

0  to  +23 

3 

1,418 

1.5       13.6 

1.05       9.5 

4.2       0.17 

-f  19  to  4-38 

+  6  to  +80 

1 

1,435 

1.5       13.05 

1.05       9.05 

Dry 

+50  to  +76 

+15  to  +40 

4+ 

1,464 

1. 

11.1 

0.7 

7.6 

Dry 

—  2  to  +15 

—  4  to  +17 

Aye.  34  weeks 

1,317       2.39     17.2 

1.85     13.1 

23.25 

0.76 

+  4  to  +19 

—  2  to  +21 

Ave.  39  weeks 

1,335       2.22     16.4 

1.69     12.4 

20.3 

0.66 

+  5  to  +19 

—  2  to  +21 

Haecker  Savafi:e  Sckles 

(converted) 

Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digest.t'^ 
protein      nutrients        protein        nutrients        protein       nutrkni^ 

lbs.  lbs.  lbs.  lbs.  Ibb.  lb& 

Maintenance,  1,317  pounds..  0.922  10.44  0.922  10.44  0.783  8.53 

Milk,  23.25  pounds,  3^%...  1.116  6.95  1.372  7.04  1.418  6.7S 
Total  maintenance  and  milk 

(calculated)    2.038  17.39  2.294  17.48  2.201  15.32 

Total  maintenance  and  milk 

(actual)   2.39  17.2  2.39  17.2  2.39  17.2 

±   +17  —1  +4  —2  +9  +12 

Armsby    (conv.    sUndard..      2.003  2^39       +19%  14.21  1^2  +2irP 

Maintenance,  1,335  pounds..  0.934  10.59  0.934  10.59  0.794  8.(3 

Milk,   20.3   pounds,    3^%..  0.974  6.04  1.198  6.15  1.238  5.93 
Total  maintenance  and  milk 

(calculated)    1.908  16.63  2.132  16.74  2.032  14iS 

Total  maintenance  and  milk 

(actual)   2.22  16.4  2.22  16.4  2.22  16.4 

±    +16 — 1  +5 —2            +10 +12  _ 

Armsby  (conv.)   standard..      IM  2^12       +19%  13^6  IM  +21^^ 

Altje  had  been  in  milk  for  about  two  and  a  half  months  when 
she  was  served.  During  this  time  she  averaged  35  pounds  of  milk 
and  1.17  pounds  of  fat.  During  the  succeeding  eight  and  a  half 
months  she  made  an  average  of  231/4  pounds  of  milk  and  0.76  pounds 
of  fat.  She  ate  somewhat  more  digestible  protein  than  standard  called 
for,  the  excess  ranging  from  %5  to  %,  while  her  total  digestible 
nutrient  intake  ranged  from  0  to  %  excess  according  to  the  standard. 
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VIII.  3.  Bontje,  grade  Holstein,  11  years  old,  was  fed  the  low 
protein  ration  for  283  days  from  August  26,  1913  to  June  5,  1914, 
from  service  to  calving.     Her  feeding  record  follows : 

Weeks 


Weeks 

9V, 
1 
1 
16 


Hay 
lbs. 

10. 
10. 
8.7 
10. 


Silasre 
lbs. 

36. 
30.' 
23.6 
30. 


Grain 
lbs. 

5.4 
6.2 
4.2 
4.3 


5 
2 

6Vt 
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lbs. 

10. 

10. 

9. 


SIla«e 
lbs. 

30. 

29.9 

29.3 


Grain 
lbs. 

3. 

2.4 

2. 


Her  nutrient  intake,  yields  and  comparison  data  follow : 
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rients 

2 

00 

^■«-> 

« 

^•i-« 

a 

O 

^ 

dp 

^^ 

a  0 

Jtf 

^ 

> 

bo 

■S  fl 

bo 

"5iC 

W4 

o 

.^4 

o 

^^ 

3 

Q 

^ 

Q 

h 

S 

•55  "2 


5 


P 

C  0 

•o 
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Weeks 

9+ 
1 
1 

16 
5 
2 
6+ 


lbs. 

1,165 
1,167 
1,146 
1,171 
1,232 
1,284 
1,281 


lbs. 

1.25 

1.2 

1. 

1.05 

1. 

0.95 

0.9 


lbs. 

12.65 

12.15 

10.05 

10.95 

10.7 

10.4 

10.5 


lbs. 

1.07 

1.05 

0.85 

0.9 

0.8 

0.75 

0.7 


lbs. 

10.85 
10.4 
8.75 
9.35 
8.7 
8.1 
8.2 


lbs. 

13.9 

12.3 

8. 

10.5 
4.9 
1.6 


lbs. 

0.49 
0.47 
0.31 
0.37 
0.21 
0.07 
Dry 


%  % 

—13  to  —25 
—13  to  —25 
—13  to  —25 
—16  to  —28 

—  2  to  —16 

—  5  to  +10 
0  to  +18 


%  % 

—  8  to  +  4 

—  9  to  +11 
—15  to  +  3 
—14  to  +  7 

—  7  to  +13 

—  3  to  +18 
+  3  to  +27 


Ave.  34  weeks 

1,184      1.09 

11.25 

0.92 

9.55 

10. 

0.36 

—12  to  —23 

—  9  to  +10 

Ave.  40  weeks 

1,199      1.06 

11.15 

0.89 

9.35 

8.55 

0.31 

—10  to  —20 

—  8  to  +12 

Haecker 


Digestible 
protein 

lbs. 

Maintenance,  1,184  pounds. .  0.830 

Milk,  10.  pounds,  3V2% 0.490 

Total  maintenance  and  milk 

(calculated)    1.32 

Total  maintenance  and  milk 

(actual)   1.09 

±    —17 

Armsby  (conv.)  standard..      1.245 

Maintenance,  1,199  pounds. .  0.839 

Milk,  8.45  pounds,  3%%. . . .  0.419 
Total  maintenance  and  milk 

(calculated)    1.258 

Total  maintenance  and  milk 

(actual)     1.06 

ir     —16 

Armsby  (conv.)  standard. .      1.176 


Total 
(Mgrestible 
nutrients 

lbs. 

9.39 
3.13 

12.52 

11.25 
—10 


Savasre  Eckles 

(converted) 

Total  Total 

Digestible    digestible     Digestible    digestible 
protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs. 


0.83 
0.61 

1.44 

1.09 
-24 


9.39 
3.19 

12.58 

11.25 
-11 


0.705 
0.62 

1.325 

1.09 
-18 


7.67 
3.02 

10.69 

11.25 

+5 


1.09 

9.51 
2.68 

12.19 

11.15 
—9 


-12% 

0.839 
0.522 

1.361 

1.06 
-22 


10.24 

9.51 
2.78 

12.29 

11.15 
—9 


11.25         +10% 


0.714 
0.530 

1.244 

1.06 
-15 


7.77 
2.58 

10.35 

11.15 

+8 


1.09      —10% 


9.97 


11.2 


+12% 
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Bontje  had  been  in  milk  for  16V^  months  prior  to  service,  during 
which  time  she  averaged  24  pounds  of  milk  and  0.82  pounds  of  fat, 
which  is  a  fairly  good  record  in  view  of  the  fact  that  she  was  under- 
fed. The  cow  then,  during  the  last  34  weeks  of  her  long  lactation, 
averaged  10  pounds  of  milk  and  0.36  pounds  of  fat  and  this  on  a  con- 
tinued restricted  ration.  She  received  from  Yio  ^  %  too  little  digesti- 
ble protein  and  from  34o  too  little  to  %o  excess  of  total  digestible 
nutrients.  In  view  of  her  long  continued  low  nutritional  plane  she 
certainly  did  well. 

VIII.  4.  BoNTjE,  grade  Holstein,  12  years  old,  was  fed  for  280 
days  from  September  15,  1914  to  June  22,  1915,  from  service  to  calv- 
ing. She  was  fed  the  low  protein  ration.  Her  food  and  nutrient  in- 
take, with  milk  and  fat  yields  follow : 

Total 
Crude  digestible 

Weeks         Hay        Silage        Grain  protein         nutrients  Milk  Fat 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

3Vt  8.  20.  7.8  1.36  11.75  17.  0.52 

5  8.  25.  7.7  1.3  11.7  15.4  0.49 

3  8.  25.  8.8  1.35  11.75  16.5  0.56 

3  7.  20.  9.2  1.35  11.25  16.8  0.53 

18  7.  16.  9.2  1.35  11.4  10.6  0.36 

7Vt  7.  16.  9.2  1.45  10.95  Dry 

Average  32  weeks  1.34  11.5  13.15  0.43 

Average  40  weeks  1.37  11.4  10.45  0.34 

Haecker  Savage  ESckles 

(converted) 

Total  Total  Tot  J 

Digestible    digestible     Digestible    digestible     Digestible    6\ge^i^> 
protein      nutrients        protein        nutrients       protein      nutrie'.:? 

lbs.  lbs.  lbs.  lbs.  lbs.  Ib& 

Maintenance,  1,100*  pounds.  0.770  8.72  0.770  8.72  0.655*  7.13 

Milk,  13.15  pounds,  3%%..  0.631  3.93  .  0.776  3.98  0.802  3.85 
Total  maintenance  and  milk 

(calculated)    1,401  12.65  1.546  12.7  1.457  10.9S 

Total  maintenance  and  milk 

(actual)     1.34  11.45  1.34  11.45  1.34  ll.iS 

± —4 —9  —13  —10  —8 4-4  _ 

Armsby  (conv.)  standard..       1.346  1.34  0  10.34  11.45        -flK- 

Maintenance,  1,110*  pounds.  0.777  8.80  0.777  8.80  0.660  71> 

Milk,  10.45  pounds,  314%...  0.502  3.11  0.617  3.17  0.637  3 OS 
Total  maintenance  and  milk 

(calculated)    1.279  11.91  1.394  11.97  1.297  10^4 

Total  maintenance  and  milk 

(actual)   1.37  11.45  1.37  11.45  1.37  11.45 

± +7 —4  —2 —4  +6  -f  12  __ 

Armsby  (conv.)  standard..      1.208  Ot       +13%  9i74  11.45        T^fT 

•Hypothetical. 

Bontje's  weight  records  were  in  the  lost  volumes  (see  pages  11-12) 
and,  consequently,  only  a  general  statement  can  be  made  in  this  instance 
in  connection  with  her  nutrient  intake  and  her  milk  and  fat  yields. 
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Bontje  had  been  in  milk  for  a  little  over  three  months  at  time 
of  service  and  had  made  an  average  of  25  pounds  of  milk  and  0.69 
pounds  of  fat.  She  had  been  decidedly  underfed  during  this  time  and, 
as  a  result,  her  subsequent  average  daily  record  for  the  last  eight  months 
of  lactation  was  only  13.15  pounds  of  milk  and  0.43  pounds  of  fat.  Her 
digestible  protein  intake  varied  from  a  deficiency  of  %  to  an  excess 
of  Ys,  her  total  digestible  nutrient  intake  from  a  deficiency  of  %o 
to  an  excess  of  %.     She  hardly  had  a  fair  chance  to  do  her  best. 

VIII.  5.  DuRTjE,  grade  Holstein,  nine  years  old;  was  fed  the 
high  protein  ration  for  282  days  from  service  to  calving,  June  9,  1911 
to  March  16,  1912.  Service  took  place  33  weeks  subsequent  to  her 
previous  calving  and,  consequently,  the  cow  was  dry  during  about 
three-fifths  of  the  period  now  under  consideration.  Her  feeding  was 
of  course  greatly  modified  as  is  indicated  in  the  subjoined  statement. 


3ek8 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

5 

12. 

40. 

9. 

13 

12. 

40. 

3. 

8 

12. 

40. 

6.1 

3 

12. 

30. 

3. 

3 

12. 

40. 

3.2 

8 

10. 

30. 

3. 

Her  nutrient  intake,  milk  and   fat  yields  and  comparison  data 
follow : 
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Weeks 

5 
8 
3 
13 
3 
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1,418 
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E^ 

5 
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lbs. 

3.15 

2.3 

1.6 

1.65 

1.5 

1.45 


lbs. 

18.05 

16.25 

13.1 

12.9 

11.8 

10.75 


lbs. 

2.4 
1.7 
1.2 
11.5 
1. 
1. 


lbs. 

13.7 
12.05 

9.65 

9.1 

8. 

7.3 


lbs. 

19.5 

10.6 

5.5 


lbs. 

0.67 
0.37 
0.21 


Dry 
Dry 
Dry 


% 
+49  to 
+45  to 
+23  to 
+66  to 
+45  to 
+41  to 


% 
+72 
+68 
+43 
+98 
+71 
+66 


% 

+  8 
+16 
+  3 
+16 

+  1 
—  8 


^e 


to  +33 

to  -r42 
to  +27 
to  +41 
to  +23 
to  +13 


Ave.  16  weeks 

1,341       2.45     16.2 

1.83 

12.1 

12.4 

0.43 

+45  to  +67 

+11  to  +3« 

Aye.  40  weeks 

1,401      1.91    13.75 

1.36 

9.8 

4.95 

0.17 

+49  to  +74 

+  8  to  -^33 

Haecker 


Savage 


Digestible 
protein 

lbs. 

Maintenance,  1,341  pounds. .  0.939 

Milk,  12.4  pounds,  314%. . . .  0.608 
Total  maintenance  and  milk 

(calculated)    1.547 

Total  maintenance  and  milk 

(actual)  2.45 

±    +58 

Armsby  (conv.)  standard..       1.4G8 

Maintenance,  1,401  pounds. .  0.981 

Milk,  4.95  pounds,  Z%%.,.  0.243 
Total  maintenance  and  milk 

(calculated)    1.224 

Total  maintenance  and  milk 

(actual)  1.91 

±    +56 

Armsby  (conv.)  standard..       1.1 


Total 

digestible  Digestible 
nutrients        protein 

lbs.  lbs. 


10.64 
3.88 

14.52 

16.2 
+12 


0.939 
0.756 

1.695 

2.45 

+45 


Total 
digestible 
nutrients 

lbs. 

10.64 

3.96 

14.6 

16.2 
+11. 


Ek^kles 
(converted) 

Tota' 
Digestible   diges* '  - 
protein       nutrtfrii 

lbs.  Ik« 

0.798  8.65 

0.769  3.74 


1.667 

2.46 

+66 


2.45       +07% 


11.11 
1.55 

12.G6 

13.75 

+9 


0.981 
0.302 

1.283 

1.91 

+49 


11.87 

11.11 
1.58 

12.69 

13.75 

+8 


16.2 

0.834 
0.306 

1.14 

1.91 

+68 


12.43 

16.2 
+31 


+  3€^r 

90$ 

1.51 

lOiJ 

13.71 
+30 


1.91       +74% 


10.34 


13.75 


+3;r- 
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Durtje,  during  the  eight  months  of  her  lactation  prior  to  service, 
had  given  38.1  pounds  of  milk  and  1.08' pounds  of  fat.  During  the 
16  weeks  in  which  she  closed  her  lactation,  with  which  the  present 
period  is  concerned,  she  averaged  12.4  pounds  of  milk  and  0.43  pounds 
of  fat.  She  then  remained  dry  for  16  weeks.  Being  fed  the  high  pro- 
tein ration,  she  naturally  received  a  great  excess  of  this  nutrient,  as, 
indeed,  was  often  the  case  when  she  was  in  full  flush  of  milk,  the 
excess  ranging  from  %  to  %.  She  likewise  was  overfed  in  respect  to 
her  total  digestible  nutrient  intake  to  the  extent  of  from  %2  to  %. 
She  evidently  had  very  much  more  to  do  with  than  was  needed. 

It  is  interesting  to  note  that  when  Durtje  calved,  she  dropped  a 
large  healthy  calf  but  promptly  lost  half  her  udder  and  was  discarded 
as  useless.  It  is  an  open  question  whether  or  not  her  very  liberal  feed- 
ing during  the  16  weeks  that  she  was  dry  was  not  a  factor  in  bringing 
about  this  mishap. 

VIII.  6.  Hazel  K.,  grade  Jersey,  eight  years  old,  was  fed  the 
low  protein  ration  for  283  days,  from  March  8  to  December  15,  1911, 
from  service  to  calving.  She  was  more  than  six  months  in  lactation 
at  the  time  of  service.  She  was  dry  for  about  two-fifths  of  the  period 
now  under  review  and  her  feeding  was  modified  accordingly,  as  is 
shown  in  the  following  statement : 


eeks 
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Silage 

Grain 

Weeks 
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Sllasre 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 
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2 

10. 

30. 

5. 

12 

10. 

30. 

6. 

6 

10. 

30. 

2. 

6 

10. 

30. 

5.3 

8 

10. 

20. 

2. 

Her  nutrient  intake,  milk  and  fat  yields  and  comparison  data 
follow : 
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s       lbs. 
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lbs. 

lbs. 

lbs.        lbs. 

%            % 

%                    nr 

6 

968 

1.65 

14.6 

1.7 

15.1 

14.1       0.76 

—  5  to  +     6 

+  8  to  +26 

12 

970 

1.5 

13.45 

1.55 

13.9 

12.5       0.65 

—  7  to  4-     6 

+  4  to  +?6 

6 

1,003 

1.25 

13.3 

1.25 

13.3 

6.9       0.35 

+  4  to  +  19 

+24  to  -U51 

2 

1,045 

1.25 

13.3 

1.2 

12.75 

Dry 

+71  to  +101 

+61  to  --S7 

6 

1,011 

1. 

10. 

1. 

9.9 

Dry 

+41  to  +  67 

+25  to  +53 

8 

1,011 

0.85 

9. 

0.85 

8.9 

Dry 

+21  to  +  43 

+12  to  +37 

Ave.  24  weeks 

978       1.48     13.7 
Ave.  40  weeks 

993       1.25     12.2 


1.51    14. 
1.26     12.3 


11.5      0.60 
6.9       0.36 


—  4  to  +     9 
+  3  to  +  12 


+  9  to  +32 
+  4  to  +3i 


Haecker 


Savaire 


Maintenance,  978  pounds... 

Milk,  11.5  pounds,  5^% 

Total  maintenance  and  milk 

(calculated)    1.398  12.49 

Total  maintenance  and  milk 

(actual)  1.48  13.7 

± +6  +10 


E2ckles 
(conTerted) 

Total  Total  ToUl 

Digestible    digestible     Digestible    digestible     Digestible    digesti 

nutrie 

lb5 

6.:i4 
4.7; 


protein 

nutrients 

protein 

nutrients 

proteii 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

0.685 

7.76 

0.685 

7.76 

0.582 

0.713 

4.73 

0.863 

4.81 

0.880 

1.548 
1.48 


12.57 

13.7 
+9 


1.462 

1.48 
+1 


11.07 

13.7 
+24 


Armsby  (conv.)  standard..  1.358 

Maintenance,  993  pounds...  0.695 

Milk,  6.9  pounds,  5^% 0.428 

TotQl  maintenance  and  milk 

(calculated)    1.123 

Total  maintenance  and  milk 

(actual)   1.28 

±    +14 


1.48       +  9% 


7.87 
2.84 

10.71 

12.2 

+14 


0.695 
0.518 

1.213 

1.28 
+G 


10.4 

7.87 
2.88 

10.75 

12.2 

+14 


13.7 

0.591 
0.528 

1.119 

1.28 

+14 


+32' f 

6.4S 
<» 

At 


*>M 


9-2T 

11.2 
+32 


Armsby  (conv.)  standard..      1.057  1.28       +21%  8.87  12.2  +38^1: 

Hazel  K.  was  underfed  during  the  first  six  months  of  lactation 
and  gave  an  average  of  19.6  pounds  of  milk  and  1.06  pounds  of  fat. 
During  the  period  of  her  gestation,  however,  she  received  a  sufficiency 
of  digestible  protein  and  more  than  a  sufficiency  of  total  digestible 
nutrients,  her  digestible  protein  intake  varying  from  +%6  to  +%  and 
her  total  digestible  nutrient  intake  from  +%  ^o  +%.  During  the 
six  months  she  was  in  milk,  she  held  up  her  flow  fairly  well,  averaging 
11.5  pounds  of  milk  and  0.6  pounds  of  fat.  She  seems  to  have  done 
reasonably  well  as,  indeed,  it  would  seem  she  should  do. 
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VIII.  7.  Hazel  K.,  grade  Jersey,  nine  years  old,  was  fed  the  low 
protein  ration  for  273  days,  from  February  2  to  November  9,  1912, 
from  service  to  calving.  She  was  served  less  than  two  months  after 
she  calved.     Her  feeding  record  follows : 


eeks 
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Silasre 
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Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

25 

10. 

30. 

8.9 

6 

10. 

30. 

1.7 

5 

10. 

30. 

6. 

3 

10. 

30. 

2.4 

Her  nutrient  intake,  milk  and   fat  yields  and  comparison  data 
follow : 
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Weeks 

25 
5 
6 
3 


lbs. 

889 

948 

1,004 

1,016 


lbs. 

1.65 
1.35 
1. 
1. 


lbs. 

14.4 
13. 
10.3 
10.2 


lbs.  lbs.  lbs.        lbs. 

1.85  16.2  18.6       0.96 

1.4  13.7  6.7       0.36 

1.  10.25  Dry 

1.  10.  Dry 


% 


+  6  to  —19 
+14  to  +32 
+43  to  +68 
+41  to  +66 


% 
—  3  to 
+25  to 

+29  to 
+27  to 


% 
+19 
+61 

+68 

+55 


Ave.  30  weeks 

899      1.6 

14.2 

1.78    15.8 

16.7 

0.85 

—  2  to  —16 

+  1  to  +24 

Ave.  39  weeks 

925       1.46 

13.3 

1.60     14.5 

12.8 

0.65 

+  5  to  —10 

+  5  to  +29 

Haecker 


Savage 


Digestible 
protein 

lbs. 

Maintenance,  899  pounds . . .  0.629 

Milk,  16.7  pounds,  5% 1.002 

Total  maintenance  and  milk 

(calculated)    1.631 

Total  maintenance  and  milk 

(actual)  1.6 

:±z     —2 

A^rmsby  (conv.)  standard..      1.637 

IVIaintenance,  927  pounds. . .  0.643 

Milk,  12.8  pounds,  5% 0.768 

Total  maintenance  and  milk 

(calculated)    1.416 

Total  maintenance  and  milk 

(actual)     1.46 

±     +3 

^rmsby  (conv.)   standard..      1.386 


Total 

digestible  Digestible 
nutrients        protein 

lbs.  lbs. 


7.13 
6.05 

13.78 

14.2 

+3 


0.629 
1.219 

1.848 

1.6 
-13 


Total 
digestible 
nutrients 

lbs. 

7.13 
6.76 

13.89 

14.2 

+2 


Eckles 
(converted) 

Total 
Digestible    digestible 
protein       nutrients 

lbs.  lbs. 

0.535  6.83 

1.236  6.50 


1.771 

1.6 
-10 


12.33 

14.2 

+15 


1.6        —  2% 


7.34 
6.09 

12.43 

13.3 

+7 


0.648 
0.934 

1.582 

1.46 
—8 


11.51 

7.34 
6.18 

12.52 

13.3 

+6 


14.2 

0.541 
0.947 

1.488 

1.46 
—2 


+24% 

6.00 
4.98 

10.98 

13.3 

+21 


1.40       +  5% 


10.34 


13.3 


+29% 
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Hazel  K.  was  underfed  during  the  first  two  months  of  her  lacta- 
tion, yet  made  24.3  pounds  of  milk  and  1.2  pounds  of  fat.  She  dried 
off  somewhat  quickly,  however,  and  averaged  during  the  period  under 
consideration  16.7  pounds  of  milk  and  0.85  pounds  of  fat.  Her  under- 
feeding continued  in  respect  to  digestible  protein  but  she  seemed  to 
receive  enough  total  digestible  nutrients,  the  figures  being  as  follows : 
digestible  protein,  +%o  to  — %;  total  digestible  nutrients,  0  to  +^- 
As  is  elsewhere  pointed  out.  Hazel  K.  gave  only  4,700  pounds  of  milk 
and  177  pounds  of  fat  during  her  entire  lactation.  In  view  of  her 
somewhat  restricted  ration,  this  record  is  not  perhaps  to  be  won- 
dered at.  ! 

Vni.     8.    Jane,  grade  Jersey,  eight  years  old,  was  fed  the  high 
protein  ration  for  282  days  from  December  5,  1910  to  September  13 
1911,  from  service  to  calving.     She  was  served  when  about  six  months 
in  lactation.     Her  somewhat  varied  feeding  record  follows: 


eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silage 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

9V, 

14. 

36. 

8. 

4 

10. 

30. 

6. 

4 

13. 

36. 

7. 

1 

10. 

30, 

2.3 

6 

12. 

36. 

6. 

2 

10. 

30. 

•   ■ 

8 

10. 

36. 

6. 

5Vt 

10. 

30. 

•   • 

Her  nutrient  intake,  milk  and   fat  yields  and  comparison   data 
follow : 
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Weeks       lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

7c            % 

%          ■    % 

9+ 

884 

3. 

17.8 

3.4 

20.15 

18.4 

1.11 

+42  to  4-  62 

+16  to  +31 

4 

894 

2.75 

16.35 

3.1 

18.3 

15.1 

0.93 

4-46  to  +  66 

+14  to  +37 

6 

910 

2.45 

15.4 

2.7 

16.9 

14. 

0.91 

+34  to  +  53 

+10  to  +31 

8 

938 

2.25 

14.35 

2.4 

15.3 

11.1 

0.71 

4-47  to  4-  64 

+12  to  +34 

4 

962 

2.2 

13.6 

2.3 

14.15 

6.8 

0.41 

4-80  to  4-106 

+27  to  +53 

1 

983 

1.3 

10.95 

1.35 

11.15 

6.5 

0.32 

4-10  to  4-  29 

+  3  to  +28 

2 

982 

0.7 

9.6 

0.7 

9.8 

2.75 

0.14 

—  9  to  —  24 

+  5  to  +31 

5  + 

1,006 

0.7 

9.6 

0.7 

9.55 

Dry 

—  1  to  4-17 

+20  to  +47 

Ave. 

34  weeks 

920 

2.42 

15.2 

2.66 

16.4 

12.9 

0.80 

4-42  to  4-  60 

+14  to  +36 

Ave. 

40  weeks 

931 

2.16 

14.4 

2.36 

15.6 

10.95 

0.68 

+43  to  +  57 

+14  to  +38 

Haecker  Savage  Eckles 

(converted) 

Total  Total  Total 

Digestible    digestible     Digestible    digestible     Digestible    digestible 
protein      nutrients        protein        nutrients        protein       nutrients 

lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

Maintenance,  920  pounds...  0.644  7.30  0.644  7.30  0.547  5.96 

Milk,  12.9  pounds,  6%%...  0.897  6.01  1.071  6.08  1.109  6.62 
Total  maintenance  and  milk 

(calculated)    1.541  13.31  1.715  13.38  1.656  12.58 

Total  maintenance  and  milk 

(actual)     2.42  15.2  2.42  15.2  2.42  15.2 

±    +57  +14            +41  +13            +46  +20 

Armsby  (conv.)   standard..      1.508  2^42       +60%  11.16  15^2  +36% 

Maintenance,  933  pounds...  0.653  7.40  0.653  7.40  0.555  6.05 

Milk,  10.95  pounds,  614%...  0.761  5.10  0.909  5.10  0.943  5.62 
Total  maintenance  and  milk 

(calculated)    1.414  12.50  1.562  12.50  1.498  11.67 

Total  maintenance  and  milk 

(actual)  2.16  14.4  2.16  14.4  2.16  14.4 

z^.    +53  +15            +38  +15            +44  +23 

Armsby  (conv.)   standard..      1.371  2^6      +57%  10.46  UA  +38% 

During  six  months*  lactation  prior  to  service,  Jane  averaged  25 
pounds  of  milk  and  1.21  pounds  of  fat.  She  maintained  her  milk  flow 
until  nearly  calving  and  during  the  34  weeks  of  the  last  half  of  her 
lactation  she  averaged  12.9  pounds  of  milk  and  0.8  pounds  of  fat. 
However,  she  ate  from  %  to  %  more  digestible  protein  and  from  %  to 
%  more  total  digestible  nutrients  than  standards  indicated  she  needed. 
Receiving  plenty  she  responded. 
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VIII.  9.  Sabra,  grade  Jersey,  eight  years  old,  was  fed  the 
medium  protein  ration  for  276  days,  from  October  11,  1910  to  July  14, 
1911,  from  service  to  calving.     Her  feeding  record  follows: 


Weeks 

17Vt 
2 
2 
6 


Hay 

lbs. 
14. 

14. 
12. 
12. 


Silage 

lbs. 
36. 
36. 
36. 
36. 


Grain 

lbs. 
8. 

7. 

7. 

6. 


Weeks 

2 

1 
5 

4 


Hay 

lbs. 

10. 

10. 

10. 

10. 


Silage 

lbs. 
36. 
36. 
36. 
30. 


Grain 

lbs. 
6. 


Her  nutrient  intake,  fat  yields  and  comparison  data  follow : 
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1 
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Week 

s       lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

%             % 

%                       '5J- 

17+ 

902 

2.4 

17.5 

2.65 

19.4 

18.5 

1.14 

+11  to  +25 

+10  to  +32 

2 

920 

2.35 

17.15 

2.55 

18.65 

15.6 

0.98 

+21  to  +38 

+17  to  +40 

2 

943 

2.3 

16.1 

2.45 

17.1 

12.5 

0.81 

+34  to  +62 

+19  to   +43 

6 

972 

2.1 

15.5 

2.15 

15.95 

8.6 

0.60 

+45  to  +62 

+28  to  +54 

2 

990 

1.95 

14.25 

1.95 

14.4 

4.9 

0.35 

+73  to  +98 

+38  to   +68 

1 

986 

1.05 

10.4 

1.05 

10.55 

1.4 

0.10 

+29  to  +50 

+22  to   +49 

5 

988 

1. 

10.3 

1. 

10.45 

Dr 

y 

+45  to  +70 

+32  to  +61 

4 

990 

0.8 

9.55 

0.8 

9.65 

Dr 

y 

+16  to  +36 

+22  to  +49 

Ave. 

30  weeks 

929 

2,26 

16.55 

2.43 

17.8 

14.5 

0.91 

+22  to  +38 

+16  to  +39 

Ave. 

39  weeks 

943 

1.95 

15. 

2.08 

16. 

11.2 

0.70 

+21  to  +40 

+17  to  +41 

Haecker 


Savage 


Digestible 
protein 

lbs. 
Maintenance.  929  pounds . . .      0.650 

Milk.  14.5  pounds,  6%% 1.008 

Total  maintenance  and  milk 

(calculated)    1.658 

Total  maintenance  and  milk 

(actual)   2.26 

±    +36 

Armsby  (conv.)   standard..      1.633 

Maintenance.  943  pounds...  0.660 

Milk.  11.2  pounds,  6^% . . . .  0.780 
Total  maintenance  and  milk 

(calculated)  1.44 

Total  maintenance  and  milk 

(actual)   1.95 

±    +35 

Armsby  (conv.)   standard..      1.395 


Total 
digentible 
nutrients 

lbs. 
7.37 

6.76 
14.13 

16.55 

+17 


Digestible 
protein 

lbs. 
0.650 

1.204 
1.854 

2.26 

+22 


Total 
digestible     Digestible 
protein 


nutrients 

lbs. 

7.37 

6.83 

14.2 

16.55 

+17 


Eckles 
(converted) 

Total 

digPStiW* 
nutrient- 


lbs. 
0.553 
1.247 

1.8 

2.26 
+26 


lbs 
6.02 

7.44 

13.46 

16.55 
+23 


2.26 

+38% 

11.86 

16.55 

+39c'c 

7.48 
5.22 

0.66 
0.93 

7.48 
5.28 

0.561 
0.63 

6.11 
5.75 

12.7 

15. 
+18 


1.59 

1.95 
+23 


12.76 


15. 

+17 


1.524 

1.95 

+28 


11.86 


15. 

+26 


1.95       +40% 


10.62 


15. 


+41 
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Sabra  had  aborted  five  months  prior  to  her  service  and  during 
these  five  months  had  given  23.5  pounds  of  milk  and  1.24  pounds  of 
fat.  She  continued  for  30  weeks  more  in  milk,  giving  14.5  and  0.91 
pounds  respectively  of  milk  and  fat — a  reasonably  good  record  under 
the  circumstances.  However,  fed  somewhat  liberally  as  she  was  with 
the  medium  protein  ration,  she  ate  more  food  than  standards  indicated, 
the  excesses  being :  digestible  protein  %  to  %  ;  total  digestible  nutrients, 
%  to  %.  From  the  standpoint  of  the  maintenance  of  good  health  in 
the  case  of  a  cow  thus  unfortunate,  a  boimtiful  ration  was  doubtless 
indicated. 

VIII.  10.  Sabra,  grade  Jersey,  nine  years  old,  was  fed  the 
medium  protein  ration  while  in  milk  and  dry  for  276  days,  from  Decem- 
ber 26,  1911  to  September  29,  1912,  from  service  to  calving.  She 
was  served  about  six  months  after  calving,  remaining  in  milk  after 
service  about  five  months,  being  dry  about  four  months.  Her  feeding 
record  follows: 


'eeks 

Hay 

Silage 

Grain 

Weeks 

Hay 

Silagre 

Grain 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

13Vt 

10. 

30. 

8.6 

8 

10. 

30. 

5.2 

9 

10. 

30. 

7. 

1 

10. 

30. 

3. 

1 

10. 

30. 

5.2 

5 

10. 

30. 

•   • 

2 

10. 

30. 

•   • 

Her  nutrient  intake,  milk  and  fat  yields  and  comparison  data 
follow : 
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16.6 
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13.05 

12.4 

10.55 
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9.95 
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15.9 

11.5 

2.8 


lbs. 

0.96 
0.70 
0.17 
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Dry 
Dry 
Dry 


% 

+  11  to 

+  22  to 

+  77  to 

4-147  to 

+  75  to 

-f  12  to 

+  46  to 


% 


+  25 
+  38 
+105 
+178 
+106 
+  32 
+  72 


% 

+  3  to 
+  8  to 
+40  to 
+56  to 
+34  to 
+13  to 
+25  to 


+  22 
+30 
+70 
+92 
+G3 
+39 
+54 


Ave.  23 


Ave.  39 


weeks 
885      2. 
weeks 
931      1.69 


13.95 
12.7 


2.25     15.75 
1.85     13.75 


13.6       0.83 
8.         0.49 


+  15  to  +  32         +  5  to  +26 
+  29  to  +  49         +15  to  +39 


Haecker 


Savage 


Digestible 
protein 

lbs. 

Maintenance,  885  pounds. . .  0.620 

Milk,  13.6  pounds,  6% 0.911 

Total  maintenance  and  milk 

(calculated)    1.531 

Total  maintenance  and  milk 

(actual)     2. 

±   +31 


Total 

digestible  Digestible 
nutrients        protein 

lbs.  lbs. 


EiCkles 
(converted) 

Total 
Digestible    digest iM<^ 
protein       nutrients 

lbs.  lbs. 


7.02 
6.13 

13.15 

13.95 

+6 


0.62 
1.102 

1.722 


2. 

+16 


Total 
digestible 
nutrients 

lbs. 

7.02 
6.22 

13.25 

13.95 

+5 


0.527 
1.129 

1.656 


2. 

+21 


5.73 
6.61 

12.34 

13.95 

+13 


Armsby  (oonv.)  standard..  1.52  2.  +32%  11.03  13.95 

Maintenance,  931  pounds...  0.652  7.38  0.652  7.38  0.554 

Milk,  8  pounds,  6% 0.536  3.61  0.648  3.66  0.664 

Total  maintenance  and  milk 

(calculated)    1.188  10.99  1.3  11.04  1.218 

Total  maintenance  and  milk 

(actual) 1.69  12.7  1.69  12.7  1.69 

±    +42  +15  +30  +15  +39 


+26rc 

6.03 
3.89 


9.92 

12.7 
+28 


Armsby  (conv.)  standard..      1.138  1.69      +49%  9.15  12.7  +39<:'c 

Sabra  had  made  20.1  pounds  of  milk  and  1.09  pounds  of  fat  dur- 
ing the  five  and  a  half  months  prior  to  service,  and  made  13.6  pounds 
and  0.83  pounds  respectively  during  the  last  five  and  a  half  months  of 
her  lactation.  Prior  to  service  she  received  a  barely  standard  ration, 
but  after  service  a  super-standard  ration,  the  excesses  being:  digesti- 
ble protein,  %  to  % ;  total  digestible  nutrients,  %o  to  %.  It  would 
seem  as  if  with  the  food  she  had,  she  might  have  maintained  her  milk 
flow  longer.  She  was  fed  much  more  than  she  needed  while  she  was  dry. 


The  Maintenance  Requirements  of  Dairy  Cattle       135 

The  low  protein  fed  cows  ate  1.29  and  12  pounds,  the  medium 
protein  fed  cows  2.04  and  15.3  and  the  high  protein  fed  cows  2.04  and 
14.1  pounds,  respectively,  of  digestible  protein  and  digestible  dry  matter. 
They  made  on  the  average  9.7,  14.5  and  8  pounds  of  milk. 

COMPAJEUSON  WITH   STANDABDS 

Sntirelot  Low  protein      Medium  protein     Hisrh  protein 

(10  records )  (4  records  )  (4  records )  (2  records  ) 

Average  live  weights,  lbs 1,118  1,060  1,152  1,167 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes,  lbs 1.74     13.75         1.29     12.  2.04     15.3  2.04     14.1 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes  (Haecker),  lbs 1.42    13.  1.27    11.8  1.61    14.35        1.32    12.6 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Savage),  lbs 1.56     13.05        1.39     11.9  1.79     14.45        1.42     12.6 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Eckles,  converted),  lbs.    1.47    11.5  1.29    10.2  1.69    12.75        1.37    11.15 

Average  digestible  protein  and 
total  digestible  nutrients  in- 
takes (Armsby,  converted),  lbs.     1.36     10.8  1.21       9.75         1.56     11.85        1.24    10.4 

It  (Haecker)    4-22  +6.  -f 2     +  2  -f28  +  8  -f55  +12 

-t  (Savage)    +12  +5  —7+2  +16  +  7  +44  +12 

±  (Eckles,   converted) +18  +20  +1      +18  +21  +20  +50  +25 

±  (Armsby,  converted)    +28  +28  +7      +24  +33  +31  +65  +36 

The  cows  were  overfed  as  a  rule.  The  low  protein  fed  cows  ate 
barely  enough  digestible  protein,  but  standard  (H.,  S.)  or  %  to  34 
super-standard  (E.,  A.)  amounts  of  digestible  dry  matter.  The  medium 
and  high  protein  fed  cows  were  heavily  overfed  by  any  and  all  stand- 
ards, especially  in  respect  to  digestible  protein. 

Treating  these  records  now  in  the  same  manner  as  similar  records 
were  handled  in  sections  III  and  IV  we  have  the  following  statement : 
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ApprojLiniale 

Average  live  weights  In  successive  five-week 

h0 

c 

weights 

• 

o 

periods  following  service 

d 
U 

c 
« 

d 

lbs.      lbs.      lbs.      lbs.      lbs.       lbs.      lbs.      lbs. 

lbs. 

lbs. 

lbs. 

VIII. 

1. 

Altje 

1,356  1,367  1,373  1,389  1,397  1,418  1,430  1,433 

1,250 

125 

55 

VIII. 

2. 

Altje 

1,258  1,253  1,268  1,298  1,340  1,380  1,410  1,449 

1,309 

100 

40 

VIII. 

3. 

Bontje 

1,159  1.166  1,156  1,167  1,173  1,202  1,258  1,282 

1,109 

120 

50 

VIII. 

4. 

Bontje 

Weight  data  mlBsing  (see  pages  11-12). 

VIII. 

6. 

Durtje 

1,318  1,334  1,362  1,368  1,423  1,463  1,471  1,474 

1,310 

115 

50 

VIII. 

6. 

Hazel] 

EC.     966      977      969      978  1,014  1,045      989  1,008 

899 

75 

25 

VIII. 

7. 

Hazel] 

EC.     882      880      886      887      910      948  1,001  1,025 

890 

100 

35 

VIII. 

8. 

Jane 

877      887      896      918      936      948      977  1,006 

892 

85 

30 

VIII. 

9. 

Sabra 

885      908      910      913      958      984      988      989 

824 

115 

50 

VIII. 

10. 

Sabra 

873      873      868      898      926      964  1,009  1,028 

920 

80 

30 

These  cows  were  fed  better  than  those  listed  in  section  III.  Five 
of  the  six  listed  in  section  III  ate  per  1,000  pounds  live  weight  from 
0.6  to  1  pound  of  digestible  protein,  averaging  0.75  pound ;  and  from  4.9 
to  6.1  pounds  total  digestible  nutrients,  averaging  5.S  pounds.  These 
10  cows  listed  in  section  VIII  ate  per  1,000  pounds  live  weight  during 
their  gestation  periods  0.9  to  2.35  pounds  digestible  protein,  averaging 
1.6  pounds;  and  from  9.35  to  16  pounds  total  digestible  nutrients, 
averaging  12.75  pounds.  Hence  it  is,  doubtless,  that  the  shrinkages  in 
live  weight  made  by  the  cows  listed  in  section  III  when  calving  ranged 
from  56  to  123  pounds,  averaging  97  pounds;  and  in  section  VIII  from 
101  to  182  pounds,  averaging  128  pounds.  One  cow  listed  in  section 
III  fed  2  pounds  digestible  protein  and  12.3  pounds  total  digestible 
nutrients  shrank  in  weight  at  calving  170  pounds.  Of  course  this  lot 
of  10  cows  were  in  milk  during  part  of  the  gestation  period,  whereas 
those  listed  in  section  III  were  not;  but,  notwithstanding,  they  had 
more  to  do  with  in  building  up  the  structures  of  their  unborn  calves. 

Using  the  data  in  the  above  table  and  in  the  several  tables,  VIII 
1  to  10,  inclusive,  and  adopting  the  same  assumptions  as  in  section  III 
as  to  the  analyses  of  new-born  calf  and  placenta,  and  the  proportion 
of  the  latter  to  the  ejecta,  we  have  the  following  computations  based 
upon  the  total  actual  nutrient  intake  for  the  entire  gestation  period 
expressed  as  pounds,  and  the  calculated  usage  according  to  the  dif- 
ferent standards  for  maintenance  and  milk  making. 
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VIII.    1.    Altje  (grade  Holstein) ;  278  days;  medium  protein  ration 

Nutrient  intake  (actual)...     637    4,103  4J40 

Used  milk  and  maintenance 

(calculated)    533    4,221  4,754 

Remaining  for  total  con- 
struction     -fl04   —118  —14 

155  pounds  ejecta 31         14         45 

zt   pounds    4-73   —132  —59 


637     4,103  4,740 

592     4,190  4,782 

4-45     —87  —42 

31         14  45 

-101  —87 


4-14 


637  4,103 

553  3,553 

4-84  4-550 

31  14 

4-53  4-636 


VIII.    2.    Altje  (grade  Holstein);  277  days;  medium  protein  ration 

Nutrient  Intake  (actual)...     615    3,928  4,543 

Used  milk  and  maintenance 

(calculated)     529    4,078  4.607 

Remaining  for  fCBtal  con- 
struction       4-86   —150  —64 

120  pounds  ejecta 24         11         35 

=t   pounds    -f  72   — 161  — 99 


615  3,928  4,543 

591  4,046  4,637 

4-24  —118  —94 

24  11  35 

0  —129  —129 


615  3,928 

563  3,476 

4-52  4-452 

24  11 

4-28  4-441 


VIII.    3.    Bontje  (grade  Holstein);  283  days;  low  protein  ration 

Nutrient  Intake   (actual) ...     300    2,855    3,155  300    2,855    3,155        300    2.855 

Used  milk  and  maintenance 

(calculated)     356     3,094     3.450  385    3,093     3,478 

Remaining  for  tost&l  con- 
struction      —56   —239   —295  —85   —238   —323 

145  pounds  ejecta 29         13         42  29         13         42 

It  pounds —85    —252    —337  —114   —251   —365 


352  2,577 

—52  4-278 

29  13 

—81  4-265 


VIII.    4.    Bontje  (grade  Holstein);  280  days;  low  protein  ration 

Nutrient  intake  (actual) ...  350  2,548  2,898 

Used  milk  and  maintenance 

(calculated)     358  2,977  3,335 

Remaining  for  foBtal  con- 
struction      —8  —429  —437      —40   —414   —454 

145  pounds  ejecta 29  13  42 

=t  pounds —37  —442  — 479 


350     2.548     2.898 
390     2,962     3,352 


29    13    42 
—69  —427  —496 


350  2,548 
363  2,504 


—13 

29 

—42 


4-42 

13 

4-29 


VIII.    5.    Durtje  (grade  Holstein);  282  days;  high  protein  ration 

Nutrient  intake   (actual) ...     539  3.338  3,877  539  3,338  3,877  539    3,338 

Used  milk  and  maintenance 

(calculated)     345  3,223  3.568  3C1  3,217  3.578  321    2.662 

Remaining  for  foBtal  con- 
struction     4-194  4-115  4-309  4-178  4-121  4-299  4-218    4-676 

140  pounds  ejecta 28  13  41  28  13  41  28         13 

rt  pounds 4-166  4-102  4-268  4-150  4-108  4-258  4-190    4-663 
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4-894 

41 

4-853 
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VIII.    6.    Hazel  K.  (grade  Jersey) ;  283  days;  low  protein  ration 

Nutrient  intake  (actual)...     362  3,091  3,453 

Used  milk  and  maintenance 

(calculated)    317  2J14  3,031 

Remaining  for  foetal  con- 
struction       +45  +377  +422 

85  pounds  ejecta 17  8  25 

±  pounds   +28  +369  +397 


362     3,091     3,453 
343     2,699     3,042 


+19    +392    +411 

17  8  25 

+2    +384    +386 


362  3,091 

316  2.307 

+46  +784 

17  8 

+29  +776 


VIII.    7.    Hazel  K.  (grade  Jersey) ;  273  days;  low  protein  ration 

Nutrient  intake  (actual)...     399  3,232  3,631 

Used  milk  and  maintenance 

(calculated)     387  3,006  3,393 

Remaining  for  foetal  con- 
struction    +12  +226  +238 

720  pounds  ejecta 24  11  35 

±  pounds   — ^12  +215  +203 


399  3,232  3,631 

432  2,985  3,417 

—33  +247  +214 

24  11  35 

—57  +236  +179 


399 

406 

—7 
24 


3.232 

2,592 

+640 
11 


—31    +629 
yill.    8.    Jane   (grade  Jersey);   282  days;  high  protein  ration 


3,452    4,061 
3,126     3,525 


Nutrient  intake  (actual) . . .     609 

Used  milk  and  maintenance 

(calculated)    399 

Remaining  for  foetal  con- 
struction   +210    +326    +536 

100  pounds  ejecta 20  9         29 

±  pounds    +190    +317    +507 


609  3,452  4,061 

440  3,085  3.525 

+169  +367  +536 

20  9  29 

+149  +358  +507 


609  3,452 

423  2,867 

+186  +585 

20  9 

+166  +576 


VIII.    9.    Sabra  (grade  Jersey) ;  276  days;  medium  protein  ration 

Nutrient  intake  (actual) ...     538  3,602  4,140 

Used  milk  and  maintenance 

(calculated)     397  3,108  3,505 

Remaining  for  foetal  con- 
struction     +141  +494  +635 

140  pounds  ejecta 28  13  41 

±   pounds   +113  +481  +594 


538  3,602  4,140 

439  3,083  3.522 

+99  +519  +618 

28  13  41 

+71  +506  +577 


538  3,602 

420  2.853 

+118  +749 

28  13 

+90  +736 


VIII.    10.    Sabra  (grade  Jersey);  276  days;  medium  protein  ration 

Nutrient  Intake  (actual)...     466  3,039  3,505 

Used  milk  and  maintenance 

(calculated)    328  2,705  3,033 

Remaining  for  foetal  con- 
struction     +138  +334  +472 

95  pounds 19  9         28 

±   pounds    +119  +325  +444 


466  3,039  3,505 

359  2,688  3,047 

+107  +351  +458 

19  9  28 

+88  +342  +430 


466  3,039 

336  2.402 

+130  +637 

19  9 

+111  +628 
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25 
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The  Armsby  comparison  ±  data  are  not  included  in  the  table  in  order  to  preserv? 
perpendicularity,  as  heretofore  explained.  They  are,  with  a  single  exception,  on  the 
plus  side  of  the  equation  from  record  1  to  record  10  as  follows:  121,  719.  840;  100.  67^. 
776;  —33.  366.  333;  8.  163,  171;  229,  732,  961;  63,  880,  943;  21,  792,  813;  223,  891,  1114; 
153,  1056,  1209;  153,  827,  980. 
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Five  records  are  consistently  plus,  namely,  Durtje's  (high  protein). 
Hazel  K/s  first  (low  protein),  Jane's  (high  protein)  and  Sabra's  two 
(medium  protein).  These  cows  ate  enough  and  more  than  enough  to 
make  milk,  to  construct  the  foetus  and  to  maintain  their  own  bodies. 

Three  records  indicate  an  insufficient  digestible  protein  intake, 
namely,  Bontje's  two  (low  protein)  and  Hazel  K.'s  second  (low  pro- 
tein). Indeed  these  cows  appeared  to  eat  barely  enough,  and  generally 
too  little,  of  this  nutrient  to  make  milk  to  maintain  themselves  and 
naturally  they  had  little  or  nothing  wherewith  to  build  up  a  foetus — if 
we  are  to  judge  by  standards;  and  yet  their  calves  were  vigorous, 
healthy  and  full  sized.  Bontje  had  no  carbohydrates  or  fat  left  for 
foetus  construction,  according  to  the  Haecker  et  al.  and  Savage  state- 
ments as  to  maintenance  and  milk  needs,  indeed  not  enough  to  supply 
these  latter  calls,  but  she  had  plenty  according  to  the  Eckles  and 
Armsby  (converted)  standards.  Hazel  K.  was  able  to  supply  plenty 
of  total  digestible  nutrients  for  foetal  construction  as  indicated  by  any 
of  the  standards. 

In  two  cases  (Altje:  medium  protein)  a  sufficiency  of  digestible 
protein  but  an  insufficiency  of  carbohydrates  and  fat  were  fed  as  judged 
by  two  and  enough  of  both  according  to  two  standards. 

Most  of  these  cows  were  getting  along  in  years  and  did  not  remain 
long  after  the  trials  discussed  in  this  section  were  closed.  Their  post- 
parturition  histories  were  uneventful  and  normal.  Durtje,  well  fed 
with  plenty  to  do  with,  lost  two  quarters  of  her  udder  at  calving ;  but 
so  did  Bontje,  who  was  perhaps  underfed. 


IX.     MAINTENANCE  AND  LACTATION :  DATA  FROM  PRO- 
TEIN TRIALS  (BULLETIN  225) 

The  testimony  afforded  by  the  records  of  the  cows  regularly  en- 
listed in  the  maintenance  trials  per  se  can  be  greatly  augmented  by 
the  use  of  the  multitudinous  data  secured  in  the  protein  trials  discussed 
in  bulletin  225.  Consequently  all  the  available  material  used  therein 
has  been  computed  for  the  purposes  of  the  maintenance  trials  in  sec- 
tions V,  VI,  VII  and  VIII  in  order  to  supplement  the  same.  The  cows 
whose  records  were  thus  employed  were  handled  in  the  ordinary 
fashion,  that  is  to  say,  they  were  served  in  due  season  with  a  view  of 
annual  calving.  In  this  respect  the  conduct  of  the  trials  was  unlike 
that   of   the   maintenance   experiment.     However,   since   it   has  been 
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shown,  both  at  this  Station  and  elsewhere,  that  foetal  construction  as  a 
matter  of  fact  appears  to  make  a  relatively  small  direct  draft  upon  the 
nutrient  intake,  not  very  much  more  than  that  involved  in  yielding  200 
pounds  of  average  milk,  it  seemed  fair  to  segregate  all  the  records, 
regardless  of  pregnancy  or  non-pregnancy.  The  number  of  separate 
records  which  contribute  to  this  phase  of  the  study — 324 — is  impressive. 

It  was  impracticable  to  make  the  week-by-week  analysis  of  this 
vast  number  of  records,  as  was  done  with  those  of  the  cows  which  were 
regularly  enrolled  in  the  maintenance  trials,  that  is  to  say,  to  set  forth 
the  weekly  usage  of  hay,  grain  and  silage,  or  to  indicate  the  varying 
live  weights,  milk  and  fat  yields  and  nutrient  usage  as  the  feeding 
periods  progressed.  Furthermore,  it  was  not  thought  necessary.  All 
of  the  feeding  was  done  in  the  bam,  in  the  late  fall,  winter  and  early 
spring.  It  was,  as  a  rule,  reasonably  uniform  in  respect  to  the  char- 
acter of  the  materials  fed,  the  nutrient  intakes  and  the  milk  yields. 
Both  nutrient  intakes  and  milk  yields  usually  decreased  progressively, 
changes  in  the  ration  being  made  quite  commonly  at  five- week  intervals. 
Live  weights  were  bound  to  be  affected  in  many  cases  by  advancing 
pregnancy.  To  have  calculated  and  printed  this  vast  amount  of  mate- 
rial would  have  involved  much  extra  labor  in  computation  and  many 
more  pages  of  tabular  matter.  It  is  thought  that  this  would  have  served 
no  very  necessary  purpose.  As  it  is,  the  re-computations  of  original 
data  for  the  special  purpose  of  this  bulletin,  upon  which  the  tables  on 
pp.  143  to  161  are  based,  involved  many  weeks  of  consecutive  work. 
All  the  original  data,  and  all  the  computation  sheets,  are  kept  in  a  fire- 
proof vault  and  are  available  to  anyone  interested. 

It  seemed  advisable,  in  presenting  the  results  of  this  supplementary 
study,  to  group  the  data  into  separate  classes,  based,  in  the  first  place, 
on  the  ration  fed,  be  it  a  very  low-,  a  low-,  a  medium-,  or  a  high-pro- 
tein ration ;  and,  in  the  second  place,  on  the  distance  at  the  outset  of 
the  record  from  parturition  on  the  one  hand  and  service  on  the  other. 
Thus  we  have  four  sub-divisions  constructed  on  the  basis  of  the  nature 
of  the  rations  fed,  very  low-,  low-,  meditun-,  and  high-digestible  protein, 
and  five  sub-divisions  constructed  on  the  basis  of  the  immediate  history 
of  the  several  cows,  the  latter  being  as  follows : 

Class  A.  (Fresh,  non-pregnant  cows.)  Fresh,  within  a  month; 
unserved  throughout  the  record  period. 

Class  B.  (Fresh  cows.)  Fresh  within  a  month ;  unserved  at  the 
outset;  not  more  than  four  months  pregnant  at  close  of  the  record 
period. 
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Class  C.  (Non-fresh,  pregnant  cows.)  Two  or  more  months  in 
milk  at  the  outset;  four*  or  more  months  pregnant  at  close  of  the  test 
period ;  making  an  average  of  more  than  10  pounds  of  milk  daily  during 
the  entire  record  period. 

Class  D.  (Non- fresh,  pregnant  cows.)  Same  as  C,  except  mak- 
ing 6  to  9.9  pounds  milk  daily. 

Class  E.  (Non-fresh,  pregnant  cows.)  Same  as  C,  except  mak- 
ing less  than  6  pounds  milk  daily. 

Class  F.  A  single  cow,  persistently  a  shy  breeder,  farrow,  and 
thrice  in  her  second  year  of  lactation. 

The  following  statement  indicates  the  distribution  of  the  cows 
according  to  the  two  methods  of  distribution  above  referred  to : 


Number  of 
feeding 
Ptatlon  fed  periods 

LfOw  protein   116 

Medium  protein  83 

High   protein    96 

Very  low  protein 29 


324 


I 


Number  of 
feeding 
Classification  periods 

Fresh;  unserved  during  record 

period   (Class  A) 84 

Fresh;    served    during    record 

period   (Class  B) 94 

Non-fresh;  pregnant;  making 
10  or  more  pounds  milk 
(Class  C)    73 

Ditto;  making  6  to  9.9  pounds 

milk  (Class  D)    53 

Ditto;     making    less    than    6 

pounds  milk  (Class  E) 17 

A  single  shy  breeder  in  second 

year  of  lactation  (Class  F)  3 


324 


Pages  143  to  161  set  forth  the  condensed  data  for  these  324 
records.  It  did  not  seem  necessary  to  put  headings  at  the  top  of  each 
page.  Furthermore,  the  extremely  condensed  form  of  the  tabular 
matter  and  the  fact  that  for  each  set  of  three  horizontal  lines  the  data 
in  each  of  the  three  lines  differs  as  to  its  nature,  make  it  difficult  to 
formulate  headings ;  as  difficult,  for  example,  as  it  would  be  to  indicate 
in  a  single  phrase  all  that  is  going  on  at  a  given  time  in  a  three-ring 
circus.  The  only  satisfactory  method  of  meeting  this  situation  would 
seem  to  be  to  set  forth  the  headings  once  for  all  in  the  following  para- 
graph : 


>  With  a  few  exceptions. 
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EXPLANATION    CONCEKNING   TABULAR  MATTER,   PAGES    143   TO    161 

Each  one  of  the  324  records  contained  in  this  tabular  matter  exhibits 
the  following  data:  (the  example  referring  to  the  first  record  occurring  in 
table  B). 

I.  The  initial  caption  setting  forth  6  items:  The  reference  number  In 
the  given  class  (i);  the  cow's  name  (Ardelle) ;  the  year  of  her  birth  ('03); 
her  breed  and  whether  grade  or  registered  (J)^;  her  age  at  the  time  the 
record  was  being  made  (6) ;  the  length  of  the  record  in  terms  of  days  (210). 

XL  The  upper  horizontal  line  setting  forth  10  items:  Months  in  milk 
at  the  opening  of  the  record  period  (2);  months  in  milk  at  its  close  (9); 
months  since  service  at  the  opening  of  the  record  period  (0) ;  months  since 
service  at  its  dose  (3);  average  live  weight  in  pounds  (765);  average  daily 
digestible  dry  matter  intake  in  pounds  (16.15) ;  average  daily  digestible 
protein  intake  in  pounds  (1.61);  average  daily  milk  yield  in  pounds  (16.9); 
average  daily  fat  yield  in  pounds  (1.04);  average  fat  percentage  (6.15). 

III.  The  middle  horizontal  line  setting  forth  8  items:  The  1st  1.710, 
3rd  1.938,  5th  1.912  and  7th  1.712,  respectively,  the  average  calculated  daily 
digestible  protein  intake  needed  by  a  cow  of  the  average  weight  indicated 
(765  pounds),  giving  the  average  daily  milk  yield  indicated  (16.9  pounds) 
of  the  average  fat  percentage  indicated  (6.15)  at  the  nearest  quarter  percent, 
i.  e.,  6.25,  according,  respectively,  to  the  Haecker,  Savage,  Eckles  and  Armsby 
standards;  the  2nd,  13.94,  4th  14.03,  6th  13.62  and  8th  11.76,  respectively, 
the  average  calculated  daily  digestible  dry  matter  intake  needed  by  the  cow 
(765,  16.9,  6^),  according,  respectively,  to  the  Haecker,  Savage,  Eckles  and 
Armsby  standards. 

IV.  The  lower  horizontal  line  setting  forth  8  items:  The  1st,  — 6, 
3rd  — 17,  5th  — 16  and  7th  — 6,  respectively,  the  increase  (-|-)  or  decrease 
( — ),  as  the  case  may  be,  in  the  actual  digestible  protein  intake  of  the  cow 
(1.61  pounds)  as  compared  with  the  several  calculated  intakes  according  to 
the  Haecker,  Savage,  Eckles  and  Armsby  standards,  expressed  as  percentages, 
the  standard  in  each  instance  equalling  100;  the  2nd  +16,  4th  +15,  6th 
+24  and  8th  +37,  respectively,  the  increase  (  +  )  or  decrease  ( — ),  as  the 
case  may  be,  in  the  actual  digestible  dry  matter  intake  of  the  cow  (16.15 
pounds)  as  compared  with  the  several  calculated  intakes  according  to  the 
Haecker,  Savage,  Eckles  and  Armsby  standards,  expressed  as  percentages, 
the  standard  in  each  instance  equalling  100  percent. 

The  whole  proposition  may  be  made  yet  more  clear  if  the  same  example 
is  set  forth  in  narrative  form: 

I.  Caption.  Ardelle,  a  grade  Jersey  (J),  dropped  in  1903,  when  she 
was  6  years  old  was  fed  the  low  protein  ration  during  210.  days  of  barn 
life  in  the  late  fall,  winter  and  early  spring. 

II.  Upper  horizontal  line  in  the  tahle.  She  was  2  months  along  in 
lactation  at  the  beginning  and  9  months  at  the  end  of  her  record  period 
and  was  served  3  months  prior  to  its  close.  Her  average  live  weight,  her 
average  daily  digestible  dry  matter  and  digestible  protein  intakes,  and  her 
milk  and  fat  yields  were  respectively,  765  pounds,  16.15  pounds,  1.61  pounds, 
16.9  pounds  and  1.04  pounds.    Her  milk  averaged  to  test  6.15  percent  fat. 

III.  Middle  horizontal  line  in  the  table.  The  Haecker,  Savage,  Eckles 
and  Armsby  standards  state  that  a  cow  of  her  average  live  weight  giving 
16.9  pounds  of  milk  of  6Vt  percent  fat  content,  theoretically  needs  daily  on 
the  average  for  maintenance  and  milk  making,  respectively,  1.710,  1.938, 
1.912  and  1.712  pounds  of  digestible  protein  and  13.94,  14.03,  13.62  and  11.76 
pounds  of  digestible  dry  matter. 

IV.  Lower  horizontal  line  in  the  table.  Now,  as  a  matter  of  fact. 
Ardelle's  actual  intakes  of  digestible  protein  and  of  digestible  dry  matter 
as  compared  with  the  calculated  and  theoretical  intakes,  according  to  the 
Haecker,  Savage,  Eckles  and  Armsby  standards,  in  the  order  as  stated,  were 
greater  or  less  than  the  standard  by  the  following  percentages:  —-6,  — 17, 
—16,-6;  +16,  +15,  +19,  +37. 


>  J.    grade    Jersey ;    J,    registered    Jersey ;    H,    grade    Holstefn ;    A,    registered 
Ayrshire. 
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TABLE  A. — LOW   PBOTEIN:    34   CL.\SS    A   RECORDS,   AVEBAUE   LENGTH    137   DAYS 

(/)  Aggie,  '99,  J,  7.  175.  (2)  Aggie.  '99,  J,  9,  210.  (5)  Aggie,  '99,  J.  11,  210. 
Ut)  Aggie,  '99,  J,  13,  210.  (5)  Ardelle,  '03,  J,  9,  147.  (6)  Vt.  Aster,  '05,  J,  6, 
140.  (7)  Grace,  '02,  J,  6,  56.  (8)  Sheila,  '02,  J,  5,  91.  {9)  Sheila,  '02,  J,  8, 
210.  (10)  Sheila,  '02,  J.  10,  77.  (11)  Sheila,  '02.  J.  12,  56.  (12)  Alta,  '97,  J, 
14,  91.  (IS)  Cherry,  '00.  J,  7,  175.  (14)  Dewdrop,  '00,  J,  10,  119.  (15) 
Dewdrop,  '00,  J.  13,  217.  (16)  Elizabeth,  '00,  J,  12,  112.  (17)  Kate,  '00,  J, 
8,  84.  (18)  Kate,  '00,  J,  13.  105.  (19)  Kinky,  '10,  J,  4,  217.  (20)  Ladybird, 
'00,  J.  12,  133.  (21)  Laura  B.,  '07,  J,  5,  77.  (22)  Lena,  '03,  J,  6,  126.  (2S) 
Monetta,  '06,  J,  7,  140.  (2/,)  Vie,  '02,  J.  4,  175.  (25)  Zillah.  '02,  A,  7,  126. 
(26)  Alice,  '11,  J,  5,  126.  (27)  Catrina  2nd,  '10,  HJ,  5,  161.  (28)  Grace,  '02, 
J,  14,  168.  (29)  Sheila.  '02.  J,  11,  56.  (SO)  Kinky,  '10,  J,  5,  84.  (SI)  Kinky, 
'10,  J.  7.  210.  (32)  Theta,  '08,  J,  9,  105.  (33)  Edith,  '98,  J,  11,  105.  (3^) 
Elizabeth,  00,  J,  7,  175. 

(/) 
(2) 
(3) 

()) 
(5) 
(6) 

(7) 

(8) 

(9) 

(10) 

(11) 
(12) 
(/5) 


1 

6        0 

0 

873 

16.07 

1.725 

23.1 

1.09 

4.72 

1.962 

15.82 

2.251 

15.98 

2.169 

14.27 

1.989 

13.32 

-12 

+2 

—23 

+1       " 

—20 

+13 

—13 

+21 

0 

7        0 

0 

917 

20.17 

2.033 

14.7 

1.23 

4.98 

2.124 

17.10 

2.445 

17.28 

2.368 

15.55 

2.172 

14.34 

—4          4-18 

—17 

+17 

—14 

+30 

—6 

+41 

2 

9        0 

0 

923 

16.01 

1.719 

19.2 

0.90 

4.69 

1.769 

14.71 

2.009 

14.85 

1.920 

13.14 

1.772 

12.26 

—3 

+9 

—14 

+8 

—10 

+22 

—3 

+31 

3 

10        0 

0 

829 

13.75 

.     1.386 

16.7 

0.80 

4.76 

1.557 

13.00 

1.766 

13.12 

1.685 

11.58 

1.556 

10.84 

-11 

+6 

—22 

+5 

—18 

+19 

—11 

+27 

0 

5        0 

0 

774 

14.63 

1.666 

27.8 

1.43 

5.15 

2.265 

17.56 

2.627 

17.76 

2.578 

16.43 

2.329 

14.84 

-26 

-17 

—37 

—18 

—35 

—11 

—28 

—1 

0 

4       0 

0 

853 

12.96 

1.450 

19.6 

0.95 

4.85 

1.744 

14.31 

1.989 

14.45 

1.908 

12.83 

1.756 

11.94 

-17 

—9 

—27 

—10 

—24 

+1 

—17 

+9 

0 

2        0 

0 

860 

16.57 

1.768 

28.0 

1.30 

4.64 

2.198 

17.24 

2.534 

17.43 

2.444 

15.55 

2.245 

14.37 

-20 

—4 

—30 

—5 

—28 

+7 

—21 

+15 

0 

3        0 

0 

777 

14.41 

1.517 

23.2 

1.05 

4.53 

1.866 

14.79 

2.145 

14.95 

2.065 

13.30 

1.898 

12.33 

-19 

—3 

—29 

— 4 

—26 

+8 

—20 

+17 

3 

10        0 

0 

893 

14.97 

1.657 

19.6 

1.15 

5.87 

1.909 

15.67 

2.174 

15.78 

2.117 

14.78 

1.920 

13.20 

-18 

—4 

—24 

—5 

—22 

+1 

—14 

+13 

0 

2        0 

0 

858 

14.29 

1.597 

25.5 

L14 

4.47 

2.054 

16.29 

2.360 

16.47 

2.271 

14.65 

2.089 

13.57 

-22 

-12 

—32 

—13 

—30 

—2 

—24 

+5 

1 

2        0 

0 

815 

12.30 

1.465 

29.2 

1.29 

4.45 

2.235 

17.33 

2.585 

17.53 

2.500 

15.69 

2.292 

14.46 

-34 

-29 

—43 

—30 

—41 

—22 

—36 

—15 

0 

3        0 

0 

906 

14.99 

1.880 

21.9 

1.05 

4.79 

1.915 

15.62 

2.189 

15.77 

2.102 

14.04 

1.933 

13.04 

—2 

—4 

—14 

—5 

—11 

+7 

—3 

+15 

0 

5        0 

0 

816 

14.90 

1.566 

17.0 

0.82 

4.82 

1.5G6 

13.02 

1.778 

13.14 

1.700 

11.62 

1.567 

10.85 

0 

-M5 

—12 

+13 

—8 

+28 

0 

+38 
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iU) 

0 

4        0 

0 

867 

17.71 

1.874 

30.8 

1.51 

4.90 

2.455 

19.13 

2.855 

19.35 

2.789 

17.60 

2.531 

16.10 

-24 

—7 

—34 

—8 

—33 

+1 

—26 

+10 

U5) 

3 

10        0 

0 

830 

12.10 

1.305 

13.0 

0.65 

4.96 

1.361 

11.76 

1.530 

11.85 

1.453 

10.44 

1.345 

9.80 

—4 

+3 

—15 

+2 

—10 

+16 

—3 

+24 

(16) 

0 

4        0 

0 

875 

14.82 

1.563 

18.4 

1.01 

5.49 

1.790 

14.74 

2.029 

14.87 

1.965 

13.62 

1.791 

12.39 

-13 

+1 

—23 

0 

—20 

+9 

—13 

+20 

(i7) 

0 

3        0 

0 

799 

16.78 

1.762 

26.8 

1.28 

4.78 

2.127 

16.65 

2.462 

16.84 

2.309 

15.16 

2.181 

13.95 

-17 

+1 

—28 

0 

—24 

+11 

—19 

+20 

U8) 

0 

3        0 

0 

845 

14.18 

1.640 

22.1 

1.08 

4.89 

1.918 

15.50 

2.205 

15.65 

2.133 

14.07 

1.948 

13.00 

-14 

—9 

—26 

—9 

—23 

+1 

—16 

+9 

(19) 

0 

7       0 

0 

753 

13.45 

1.488 

22.6 

1.14 

5.05 

1.883 

14.97 

2.177 

15.12 

2.115 

13.67 

1.927 

12.57 

-21 

-10 

—32 

—11 

—30 

—2 

—23 

+7 

(20) 

0 

4        0 

0 

926 

14.60 

1.629 

22.7 

1.02 

4.49 

1.942 

15.79 

2.215 

15.95 

2.119 

14.09 

1.955 

13.14 

-16 

—8 

—26 

—8 

—23 

+4 

—17 

+11 

(21) 

0 

2       0 

0 

820 

14.52 

1.597 

27.4 

1.41 

5.15 

2.273 

17.76 

2.629 

17.96 

2.575 

16.56 

2.331 

14.99 

-30 

-18 

—39 

—20 

—38 

—12 

—32 

—3 

(22) 

0 

4        0 

0 

852 

15.91 

1.675 

26.2 

1.30 

4.96 

2.168 

17.18 

2.509 

17.37 

2.439 

15.70 

2.222 

14.43 

-23 

—7 

—33 

'—9 

—31 

+2 

—25 

+10 

(23) 

0 

4        0 

0 

791 

12.95 

1.479 

24.2 

1.22 

5.05 

2.006 

15.90 

2.320 

16.07 

2.256 

14.54 

2.055 

13.36 

-26 

-19 

—36 

—20 

—34 

—11 

—28 

—3 

(2Ji) 

1 

6        0 

0 

826 

15.08 

1.635 

19.3 

0.82 

4.25 

1.649 

13.46 

1.871 

13.59 

1.789 

1L92 

1.651 

11.15 

— 1          +12 

—13 

+10 

—9 

+27 

—1 

+35 

(25) 

0 

4       0 

0 

949 

18.90 

1.945 

27.7 

1.18 

4.26 

2.202 

17.44 

2.520 

17.64 

2.427 

15.58 

2.230 

14.47 

-12 

+8 

—23 

+7 

—20 

+21 

—13 

+31 

(26) 

0 

4       0 

0 

760 

10.98 

1.064 

15.3 

0.85 

5.56 

1.511 

12.51 

1.710 

12.62 

1.G54 

11.53 

1.508 

10.52 

-30 

-12 

—38 

—13 

—36 

—5 

—29 

+5 

(27) 

0 

5        0 

0 

860 

16.65 

1.640 

30.8 

1.31 

4.25 

2.311 

17.85 

2.666 

18.06 

2.583 

16.06 

2.362 

14.83 

-29 

—7 

—38 

—8 

—36 

+4 

—30 

+1^ 

(28) 

0 

5        0 

0 

920 

14.52 

1.322 

19.5 

0.91 

4.67 

1.785 

14.80 

2.029 

14.94 

1.939 

13.23 

1.789 

12.34 

-26 

—2 

—35 

—3 

—32 

+10 

—26 

+18 

(20) 

0 

2        0 

0 

863 

12.64 

1.429 

30.5 

1.45 

4.75 

2.388 

18.59 

2.770 

18.80 

2.692 

16.95 

2.455 

15.57 

-40 

-32 

—48 

—33 

—47 

—25 

—42 

—19 

(SO) 

0 

2        0 

0 

7//(? 

16.50 

1.774 

34.0 

1.66 

4.88 

2.558 

19.40 

3.000 

19.64 

2.949 

18.02 

2.665 

16.37 

-31 

-15 

41 

—16 

—40 

—8 

—33 

+1 

(SI) 

3 

10        0 

0 

770 

14.28 

1.419 

17.9 

1.02 

5.70 

1.711 

13.95 

1.953 

14.05 

1.907 

12.50 

1.766 

11.76 

-17 

+2 

—27 

+2 

—26 

+14 

—20 

+22 

(S2) 

1 

4        0 

0 

720 

14.53 

1.523 

22.4 

1.18 

5.27 

1.893 

14.92 

2.184 

15.07 

2.134 

13.86 

1.934 

12.57 

-20 

—3 

—30 

—4 

—29 

+5 

—21 

+16 

(SS) 

0 

3        0 

0 

897 

17.08 

1.810 

24.3 

1.19 

4.89 

2.086 

16.78 

2.402 

16.95 

2.326 

15.26 

2.123 

14.08 

-13 

+2 

—25 

+1 

—22 

+12 

—15 

+21 

(Si) 

0 

5        0 

0 

833 

15.05 

1.572 

16.6 

0.93 

5.60 

1.646 

13.64 

1.861 

13.76 

1.799 

12.57 

1.641 

11.46 

—4          +10 

—15 

+9 

—13 

+20 

—4 

+31 
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TABLE   B. — ^LOW   PBOTEI>7:    30    CLASS  B  RECORDS,   AVERAGE  LENGTH    160  DATS 

(jf)  Ardelle,  '03,  J,  6,  210.  (2)  Vt.  Aster,  '05,  J,  5,  112.  (5)  Alta,  '97,  J,  9, 
175.  (4)  Alta,  '97,  J,  11,  105.  (5)  Catrlna  2nd,  '10,  HJ,  3,  224.  (6)  Cherry. 
'00.  J,  11,  217.  (7)  Cherry,  '00,  J,  13,  224.  (8)  Crystal,  '02,  J,  4,  175.  (9) 
Crystal,  '02,  J,  6,  161.  {10)  Crystal,  '02,  J,  8,  210.  (11)  Dewdrop,  '00,  J,  7, 
210.  (12)  Crystal,  '02,  J,  10,  217.  (IS)  Goldfinch,  '01,  J,  6,  203.  m)  Hester, 
'01,  J,  6,  105.  (15)  Hester,  '01,  J,  9,  210.  {16)  Kate,  '00,  J,  10,  140.  (17) 
Ladybird,  '00,  J,  7,  133.  {18)  Ladybird,  '00,  J,  9, 147.  {19)  Lena,  '03.  J,  3, 133. 
(20)  Santa  Rosa,  '99,  J,  9,  119.  {21)  Theta,  '08,  J,  5,  210.  {22)  Catrlna  2nd, 
'10.  HJ,  6.  105.  {23)  Theta,  '08,  J,  7,  126.  (24)  Vt.  Una  2nd,  '11,  J.  3,  161. 
(25)  Ardelle,  '03,  J,  7,  168.  {26)  Ardelle,  '03,  J,  8,  168.  {27)  Vie,  '02,  J,  7,  210. 
{28)  Elizabeth,  '00,  J,  8,  119.  {29)  Elizabeth,  '00,  J,  10,  112.  {30)  Zillah,  '02, 
A,  5,  91. 


(1) 

2       9       0       3 

765 

16.15 

1.610 

16.9 

1.04 

6.15 

1.710       13.94 

1.938 

14.03 

1.912 

13.62 

1.712 

11.76 

—6          +16 

—17 

+15 

—16 

+19 

—6 

+37 

{2) 

0      4        0       1 

894 

14.74 

1.697 

20 

1.00 

5.00 

1.826       15.05 

2.086 

15.19 

2.008 

13.57 

1.841 

12.59 

—7           —2 

—19 

—3 

—15 

+9 

—8 

+17 

{3) 

2      7        0       3 

872 

13.45 

1.425 

19.3 

1.00 

5.18 

1.807       14.85 

2.058 

14.98 

1.988 

13.58 

1.816 

12.46 

—21           —9 

—31 

—10 

—28 

—1 

—22 

+8. 

(4) 

0       3        0       1 

835 

16.90 

1.705 

22.6 

1.14 

5.05 

1.986       15.91 

2.280 

16.07 

2.219 

14.69 

2.017 

13.39 

—14            +6 

—25 

+5 

—23 

+15 

—15 

+26 

(5) 

18        0       1 

879 

15.01 

1.661 

24.6 

1.08 

4.39 

2.018       16.12 

2.313 

16.29 

2.222 

14.46 

2.045 

13.42 

—18           —7 

—28 

—8 

—25 

+4 

—19 

+12 

{6) 

18       0       6 

923 

12.63 

1.435 

14.9 

0.70 

4.70 

1.518       13.06 

1.704 

13.16 

1.612 

11.53 

1.498 

10.86 

—5          .—3 

—16 

—4 

—11 

+10 

-A 

+16 

(7) 

18        0       4 

888 

12.70 

1.270 

14.7 

0.67 

4.56 

1.148       10.53 

1.258 

10.59 

1.175 

9.24 

1.099 

8.75 

+10          +21 

+1 

+20 

+8 

+37 

+16 

+45 

(8) 

0       5        0       2 

774 

14.52 

1.514 

17.8 

0.89 

5.00 

2.015       16.17 

2.321 

16.34 

2.249 

14.71 

2.054 

13.56 

—25         —10 

—35 

—11 

—33 

—1 

—26 

+7 

{9) 

0       5        0       1 

855 

17.98 

1.864 

23.6 

1.17 

4.96 

1.582       13.33 

1.794 

13.45 

1.717 

11.93 

1.580 

11.14 

+18          +35 

+4 

+34 

+9 

+51 

+18 

+62 

{10) 

18        0       6 

863 

14.43 

1.590 

16.3 

0.82 

5.03 

1.979       15.80 

2.274 

15.96 

2.215 

14.60 

2.012 

13.30 

—20           —9 

—30 

—10 

—28 

—1 

—21 

+8 

{It) 

18        0       1 

816 

15.47 

1.493 

22.7 

1.19 

5.24 

1.418       12.21 

1.597 

12.30 

1.518 

10.84 

1.403 

10.18 

+5          +27 

—7 

+26 

—2 

+43 

+7 

+52 

{12) 

18        0       4 

852 

12.24 

1.212 

13.7 

0.69 

5.05 

1.829       14.89 

2.089 

15.03 

2.023 

13.66 

1.845 

12.51 

—34         —18 

—42 

—19 

—40 

—10 

—34 

—2 

{13) 

17        0       1 

841 

15.57 

1.528 

20 

1.07 

5.35 

1.839       14.98 

2.103 

15.13 

2.019 

13.46 

1.859 

12.60 

—17            +4 

—27 

+3 

—24 

+16 

—18 

+25 
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(i^i) 

1 

4        0       1 

864 

14.41 

1.476 

21.1 

1.00 

4.74 

1.985       16.16 

2.258 

16.31 

2.194 

15.00 

1.994 

13.60 

-26         —11 

—35 

—12 

—33 

—4 

—26 

+6 

do) 

1 

8        0       3 

915 

15.25 

1.652 

21 

1.14 

6.43 

2.160       17.24 

2.482 

17.42 

2.418 

15.94 

2.196 

14.62 

-24          —12 

—33 

—12 

—32 

—4 

—25 

+5 

(m 

0 

5        0       1 

889 

10.29 

1.979 

24.8 

1.33 

5.36 

2.130       17.31 

2.434 

17.47 

2.360 

15.89 

2.150 

14.65 

—7           —6 

—19 

—7 

—16 

+2 

—8 

+12 

(ti) 

0 

4        0       2 

970 

18.33 

1.828 

23.4 

1.20 

5.13 

2.199       17.74 

2.508 

17.91 

2.443 

16.53 

2.217 

14.94 

-17      .      +3 

—27 

+2 

—25 

-fll 

—18 

+23 

(IS) 

0 

5        0       1 

965 

19.88 

2.095 

23.8 

1.29 

6.42 

1.661       13.63 

1.900 

13.76 

1.831 

12.31 

1.677 

11.41 

+26          +47 

+10 

+45 

+14 

+62 

+25 

+74 

(m 

0 

4        0       1 

795 

14.17 

1.504 

18.4 

0.93 

5.05 

1.710       14.17 

1.930 

14.30 

1.838 

12.49 

1.701 

11.72 

-12               0 

—22 

—1 

—18 

+13 

—12 

+21 

(20) 

0 

4        0       1 

920 

15.55 

1.538 

19.2 

0.80 

4.17 

1.821       14.64 

2.087 

14.76 

2.046 

13.95 

1.845 

12.3G 

-16            +6 

—26 

+5 

—25 

+11 

—17 

+26 

(21) 

0 

7        0       2 

758 

12.55 

1.424 

19.7 

1.13 

5.74 

2.313       17.89 

2.666 

18.10 

2.581 

16.08 

2.363 

14.85 

-38         —30 

—47 

—31 

—45 

—22 

—40 

—16 

(22) 

0 

3        0       2 

870 

20.55 

2.000 

30.7 

1.28 

4.17 

2.029       15.86 

2.358 

16.04 

2.301 

14.57 

2.090 

13.34 

— 1          +30 

—15 

+28 

—13 

+41 

—4 

+54 

(2S) 

0 

4       0       1 

730 

12.65 

1.310 

25.3 

1.26 

4.98 

1.601       13.11 

1.818 

13.22 

1.763 

12.15 

1.605 

11.02 

-18           —4 

—28 

— 4 

—26 

+4 

—18 

+15 

(2.',) 

0 

5        0       2 

760 

13.60 

1.391 

16.7 

0.90 

6.39 

1.4G0       12.51 

1.636 

12.61 

1.543 

11.00 

1.438 

10.37 

—5            +9 

—15 

+8 

—10 

+24 

.—3 

+31 

(2J) 

0 

7        0       3 

767 

18.86 

1.869 

24.3 

1.35 

6.56 

2.092       16.39 

2.408 

16.56 

2.364 

15.47 

2.134 

13.84 

-11          +15 

—22 

+  14 

—21 

+22 

—12 

+36 

(26) 

0 

6        0       2 

806 

16.22 

1.821 

24.1 

1.27 

5.27 

2.058       16.30 

2.372 

16.47 

2.315 

15.12 

2.099 

13.73 

-12                0 

—23 

—2 

—21 

+7 

—13 

+18 

(27) 

1 

8        0       5 

989 

17.52 

1.905 

23.1 

0.94 

4.07 

1.940       15.77 

2.194 

15.93 

2.100 

13.89 

1.935 

1^.02 

—2          +11 

—13 

+10 

—9 

+26 

—2 

+35 

(28) 

0 

4        0       1 

881 

18.92 

2.043 

23.7 

1.24 

5.23 

2.086       16.73 

2.394 

16.89 

2.300 

15.44 

2.118 

14.08 

—2          +13 

—15 

+12 

—11 

+23 

—4 

+34 

(29) 

0 

4        0       1 

900 

17.00 

1.965 

22.8 

1.22 

5.35 

2.044       16.51 

2.340 

16.67 

2.272 

15.19 

2.069 

13.89 

—4            +3 

—16 

+2 

—13 

+12 

—5 

+23 

(30) 

0 

3        0       1 

897 

14.94 

1.571 

24.3 

1.03 

4.24 

1.976       15.81 

2.256 

15.98 

2.107 

14.08 

1.994 

13.11 

-21           —6 

—30 

—7 

—27 

+6 

—21 

+14 
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CLASS  C. — MEDIUM   PROTEIN:    18  CI^SS  A  BECOKDS,  AVERAGE   LENGTH  142  DAYS 

(1)  Angle,  '04,  J,  5,  210.  (2)  Elbaje,  ?,  H,  7,  98.  (3)  Elbaje,  ?,  H,  10,  147. 
(4)  Lizzie  Hexam,  '99,  J,  9,  168.  (5)  Slicker,  '99,  J,  9,  126.  (6)  Slicker,  '99, 
J,  13.  210.  (7)  Avis,  '06,  J.  9,  133.  (8)  Edith,  '98,  J,  9,  175.  (D)  Edith,  '98, 
J,  13,  182.     ilO)  Patima,  '02,  J,  5,  175.     {11)  Goldfinch,  '01,  J,  8,  126.     (12) 

Laura  B,  '07,  J,  6,  49.     (/5)  Tansy,  '03,  J,  11,  224.  iU)  Angle,  '04,  J,  8,  70. 

(15)  Elizabeth,  '00,  J,  7,  91.  {16)  Elizabeth,  '00,  J,  9,  105.  (/7)  Elizabeth, 
'00,  J,  11,  133.     {18)  Tansy,  '03,  J,  C,  126. 

(i)        0       7       0      0         926             18.15         2.235  17.8           1.14           6.41 

1.930       15.89         2.161       15.96         2.139  15.61         L907       13.39 

+16          +14          +3          +14          +4  +16        +17          +36 

{2)        0       3       0       0        1180             17.76         2.653  36.2           1.27           3.51 

2.600       20.69         3.034       20.90         2.942  18.59         2.641       16.95 

+2         —14        —13          —15        —10  -^0+5 

(3)        0       5        0       0        1188              17.62         2.558  33.6           1.22           3.63 

2.478       19.94         2.881       20.14         2.786  17.85         2.506       16.33 

+3         —12       —11         —13         —8  —2          +2            +7 

(^)        0       5        0       0        1002              14.60         1.982  20.3           0.89           4.38 

1.859       15.50         2.102       15.64         1.998  13.73         1.852       12.87 

+7           —6.        —6           —7         —1  +6          +7          +14 

(.5)        0       4        0       0          903              15.33         1.992  21.2           0.96           4.53 

1.841  15.05         2.095       15.20         2.001  13.41         1.849       12.51 
+8            +2         —5            +1             0  +14          +8          +23 

(6)  0       7        0       0          933              14.35         2.096  13.7           0.66           4.82 

1.455       12.67         1.626       12.77         1.533  1L15         1.427       10.53 

+44          +13        +29          +12        +37  +29        +47          +36 

(7)  0       4        0       0          792              17.72         2.293  27.6           1.35           4.90 

2.210       17.27         2.569       17.46         2.507  15.86         2.278       14.53 

+4            +3       —11            +2         —9  +12          +1          +22 

(,S)        0       5        0       0          843             15.00         2.145  21.1           1.05           4.98 

1.856       15.08         2.130       15.23         2.059  13.67         1.882      12.64 

+16           —1          +1           —2          +4  +10        +14          +19 

(.9)        0       6        0       0          874              16.15         2.407  25.1           1.22           4.87 

2.080       16.59         2.394       16.77         2.313  15.02         2.118       13.88 

+15           —3          +1           —4          +4  +8        +14          +16 

(JO)        3       8        0       0          932             14.34         1.840  12.0           0.79           6.52 

1.516       13.15         1.672       13.20         1.626  12.52         1.469       11.03 

+21            +9        +10            +9        +13  +15        +25          +30 

(//)        0       4        0       0          896              18.84         2.548  26.4           1.43           5.42 

2.317       18.30        2.660       18.48         2.607  17.21         2.355       15.44 

+10            +4.         +4            +2          —2  +9          +8          +22 

(/2)        0       1        0       0         872              15.51         2.327  34.3           1.78          5.19 

2.737       21.01         3.183       21.25         3.130  19.73        2.825       17.77 

—15         —27       —27         —27       —26  —21       —18         —13 

(/5)        4     11        0       0          902              11.05         1.402  11.8           0.65           5.45 

1.387       12.16         1.541       12.25         1.463  10.95         1.352       10.16 

+1           —9         —9         —10         —4  +1          +4            +9 

(/^)        0       2        0       0        1083             14.19         2.086  31.1           1.87           6.01 

2.842  22.61         3.278       22.80         3.233  22.13         2.902       19.14 
—27         —37       —36         —38       —35  —36       —28         —26 

(/5)        0       3        0       1          823              16.66         2.363  23.7           1.28           5.40 

2.093       16.57        2.401       16.74         2.350  15.57         2.124       13.98 

+13            +1         —2               0          +1  +7        +11          +19 

(JO)        0       3        0       1          887              18.78         2.600  25.2           1.40           5.56 

2.234       17.72         2.561       17.90         2.506  16.63         2.266       14.95 

+16            +6          +2            +5          +4  +13        +15          +26 

(17)  0       4        0       1          848              14.65         2.130  22.7           1.20           5.29 

2.001       16.05         2.296       16.21         2.233  14.81         2.030       13.51 

+C           —9         —7         —10         —5  —2          +5            +8 

(18)  0       4        0       1          920              17.77         2.280  22.1           1.21           5.48 

2.058       10.67         2.346       16.82         2.283  15.50         2.072       14.02 

+11            +7          —3            +6              0  +15        +10          +27 
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TABl^  D. — MEDIUM  PROTEIN:    29  CIwVSS  B  UECOKDS,   AVERAGE  LENGTH   182   DAYS 

(i)  Avis,  '00,  J,  14.  119.  (2)  Elbaje,  ?,  H,  10,  203.  {S)  Karah.  '09,  J,  4,  119. 
iJ^)  Lizzie  Hexam,  '99,  J,  7,  175.  (<5)  Lrizzie  Hexam,  '99,  J,  10,  210.  {6) 
Lizzie  Hexam,  '99,  J,  11,  210.  (7)  Lizzie  Hexam,  '99,  J,  12,  196.  {8) 
Rocket,  '05,  J,  5,  210.  (9)  Rocket,  '05,  J,  6,  210.  (10)  Rocket,  '05,  J,  8,  217. 
ill)  Slicker,  '99,  J,  7,  175.  (72)  Vt.  Ivis.  '08,  /,  5,  175.  US)  Avis,  '00,  J,  6, 
175.  iU)  Crystal,  '02,  J,  5,  147.  (15)  Crystal,  '02,  J,  9,  217.  (16)  Crystal, 
'02,  J,  11,  217.  (17)  Doris,  '01,  J,  6,  119.  (18)  Doris,  '01,  J.  10,  217.  (19) 
Goldfinch,  '01,  J,  5,  175.  (20)  Ladybird,  '00,  J,  6,  175.  (21)  Ladybird,  '00,  J. 
8,  140.  (22)  Ladybird,  '00,  J,  10,  140.  (23)  Mildred,  '03,  J,  10,  217.  (2^) 
Tansy,  '03,  J,  3,  175.  (25)  Tansy,  '03,  J,  7,  119.  (26)  Theta,  '08,  J,  4,  203. 
(27)  Zillah,  '02,  A,  6,  105.  (28)  Vt.  Una,  '00,  /,  12,  217.  (29)  Angle,  '04,  J. 
3,  210. 


(1) 

0       5        0 

3 

834 

21.47 

3.03 

33.3 

1.52 

4.57 

2.482 

19.00 

2.882 

19.23 

2.795 

17.27 

2.557 

15.87 

(2) 

+22 
0       7        0 

fl3 
2 

+5 
1218 

+12 
19.09 

+8 
2.768 

+24 
32.6 

+18 
1.19 

+35 
3.65 

2.450 

19.86 

2.841 

20.05 

2.743 

17.75 

2.471 

16.27 

(S) 

+13 
0       4       0 

—4 
2 

—3 

827 

—5 
13.42 

+1 
2.034 

+8 
23.7 

+12 
1.23 

+17 
5.19 

2.048 

16.30 

2.356 

16.46 

2.298 

15.09 

2.086 

13.73 

—1 

-18 

—14 

—18 

—11 

—11 

—2 

—2 

(^/) 

4       9        0 

3 

960 

14.28 

1.830 

15.1 

0.71 

4.70 

1.553 

13.43 

1.744 

13.53 

1.649 

11.85 

1.533 

11.16 

(5) 

+18 
18       0 

+6 
5 

+5 
1045 

+5 
17.25 

+11 
2.348 

+20 
20.5 

+19 
0.96 

+28 
4.70 

1.931 

16.18 

2.187 

16.32 

2.085 

14.41 

1.928 

13.48 

(6) 

+22 
18        0 

+7 
4 

+7 
1015 

+6 
15.52 

+13 
2.222 

+20 
18.6 

+22 
0.84 

+28 
4.55 

1.771 

14.97 

1.994 

15.10 

1.888 

13.20 

1.755 

12.42 

(7) 

+25 
0       6        0 

+4 
0 

+11 
1004 

+3 
15.97 

+18 
2.322 

+18 
17.7 

+27 
0.82 

+25 
4.65 

1.712 

14.55 

1.924 

14.67 

1.820 

12.81 

1.693 

12.07 

(8) 

+36          +10 
18       0      7 

+21 
1094 

+9 
16.54 

+28 
2.329 

+25 
19.0 

+37 
1.09 

+32 
6.75 

2.010 

17.00 

2.267 

17.11 

2.188 

15.81 

1.996 

14.27 

(9) 

+16 
18        0 

—3 
6 

+3 
1088 

—3 
13.69 

+6 
1.900 

+5 
14.6 

+17 
0.85 

+16 
6.82 

1.718 

15.02 

1.925 

15.11 

1.829 

13.76 

1.681 

12.57 

(m 

+11 
18        0 

—9 
4 

—1 
1110 

—9 
14.07 

+4 
1.987 

—1 
17.7 

+13 
0.99 

+9 
5.60 

1.910 

16.31 

2.140 

16.43 

2.051 

14.84 

1.881 

13.65 

(11) 

+4         - 
0       5        0 

-14 

1 

—7 
896 

—14 
15.71 

—3 
2.115 

—5 
20.3 

+6 
0.97 

+3 
4.78 

1.810 

14.92 

2.069 

15.06 

1.982 

13.37 

1.826 

12.45 

(12) 

+17 
2       7       0 

+5 
3 

+2 
780 

+5 
13.00 

+7 
1.789 

+17 
16.2 

+16 
0.82 

+26 
6.06 

1.518 

12.63 

1.729 

12.76 

1.659 

11.35 

1.524 

10.67 

(IS) 

+18 
0       5        0 

+3 
3 

+3 
762 

+2 
14.79 

+8 
2.240 

+14 
22.1 

+17 
1.07 

+23 
4.84 

1.826 

14.55 

2.103 

14.71 

2.032 

13.17 

1.860 

12.17 

(U) 

+23 
0      5        0 

+2 
2 

+7 
826 

+1 
15.66 

+10 
2.150 

+12 
20.0 

+20 
1.00 

+21 
6.00 

1.778 

14.51 

2.038 

14.65 

1.968 

13.13 

1.801 

12.16 

(15) 

+21 
18       0 

+8 
6 

+5 
869 

+7 
12.95 

+11 
1.778 

+19 
17.6 

+21 
0.90 

+29 
5.11 

1.734 

13.90 

1.963 

14.02 

1.815 

12.50 

1.6G9 

11.62 

(16) 

+3 
0      7        0 

—7 
2 

—9 
846 

—8 
12.97 

—2 
1.830 

+4 
17.6 

+7 
0.85 

+12 
4.83 

1.622 

13.49 

1.842 

13.61 

1.759 

12.04 

1.624 

11.23 

+13 

—4 

—1 

—5 

+4 

+8 

+13 

+1« 

The  Maintenance  Requirements  of  Dairy  Cattle  149 

{17)        0       4       .0       1  865              15.17  2.185  23.7  1.12  4.13 

1.921       15.34  2.193       15.51  2.109  13.67  1.940       12.72 

+14           —1  0  —2  +4  4-11  +13          +19 

(18)  3     10       0       4  963             12.38  1.655  13.5  0.68  5.04 

1.484       13.01  1.6G0       13.10  1.569  11.49  1.457       10.83 

+12           —5  0  —5  +5  +8  +14    •      +14 

(19)  0      5       0       4  821             14.40  1.927  13.6  0.83  6.11 

1.486       12.64  1.676       12.73  1.622  11.93  1.476       10.62 

+29          +14  +15  +13  +19  +21  +21          +36 

(20)  0       5       0       2  893              15.07  2.070  16.1  0.87  5.40 

1.666       13.99  1.865       14.02  1.795  12.74  1.642       11.66 

+24            +8  +11  +7  +15  +18  +26          +29 

(21)  15       0       2  969              19.77  2.665  25.9  1.40  5.41 

2.336       18.67  2.673       18.85  2.611  17.47  2.464       15.73 

+14            +C  0  +5  +2  +13  +8          +26 

(22)  0       5        0       1  965              18.30  2.680  23.9  1.27  5.31 

2.157       17.48  2.468       17.64  2.395  16.07  2.182       14.69 

+24            +5  +9  +4  •  +12  +14  +23          +25 

(23)  18        0       5  853             13.52  1.818  16.4  0.80  4.88 

1.581       13.29  1.794       13.41  1.716  11.90  1.581       11.10 

+15            +2  +1  +1  +6  +14  +15          +22 

(24)  16       0       1  830             15.62  2.195  19.7  1.05  5.33 

1.802       14.68  2.059       14.82  1.994  13.46  1.818       12.34 

+22            +6  +7  +5  +10  +16  +21          +27 

(25)  0       4       0       2  949             15.82  2.446  22.7  1.19  5.24 

2.072       16.86  2.367       17.02  2.294  15.47  2.090       14.16 

+18           —6  +3  —7  +7  +2  +17          +12 

(26)  17        0       4  761              14.20  2.055  21.4  1.22  5.70 

1.934       15.41  2.223       15.54  2.184  14.76  1.967       13.02 

+7           —8  --8  —9  —6  —4  +4            +9 

(27)  0       3        0       1  934             16.97  2.390  28.0  1.13  4.04 

2.166       17.01  2.474       17.21  2.389  15.12  2.188       14.06 

+10               0—3—1  0  +12  +9  +21 

(28)  2       9        0       2  834             11.71  1.480  12.7  0.66  5.20 

1.371       11.83  1.536       11.92  1.463  10.61  1.350        9.89 

+9           —1  —4  —2  +1  +10  +10          +18 

(29)  2       9        0      4  858             13.65  1.748  14.7  0.91  6.19 

1.622      13.65  1.821       13.73  1.778  13.10  1.603       11.48 

+8               0  —4  —1  —2  +4  +9          +19 


TABLE  E. — HIGH  PBOTEIN:    26  CLASS  A  BECOBDS,  AVERAGE  UiNGTH   140  DAYS 

(1)  Cassandra,  '01,  J.  7,  175.  (2)  Catrina,  ?,  H,  6,  98.  (S)  Catrlna.  ?,  H,  7, 
84.  (4)  Beatrice,  '12,  J,  2,  112.  (5)  Electa,  '09,  J,  5,  119.  (6)  Hilda,  '01,  J, 
6,  175.  (7)  Rosel,  '96,  J,  13,  168.  (8)  Rosel,  '96,  J,  16,  147.  (9)  Vic,  '10,  J, 
4,  203.  (10)  Yuba,  '99,  J,  8,  175.  (11)  Yuba,  '99,  J,  9,  56.  (12)  Zeta,  '99,  J, 
11,  154.  (IS)  Alta,  '97.  J,  13,  119.  (U)  Cherry,  '00,  J,  8.  91.  (15)  Dewdrop, 
'00,  J,  14,  70.  (16)  Doris,  '01,  J,  8,  119.  (/7)  Doris,  '01,  J,  13,  224.  (18) 
Patima  '02.  J,  6,  77.  (19)  Hester,  '01,  J,  8,  126.  (20)  Kate,  '00,  J,  7,  175. 
(21)  Perusia  Lady,  '03,  J",  4,  175.  (22)  Santa  Rosa,  '99,  J,  10,  119.  (2S) 
Tansy,  '03,  J,  7,  91.  (24)  Madam,  '06,  J,  7,  196.  (25)  Vt.  Una,  '00,  /,  7,  161. 
(26)  Mildred,  '03,  J,  10,  224. 

(1)  4       9       0       0  833  16.18         2.640       18.0  0.95  5.28 

1.699       14.00         1.933       14.13         1.867       12.78         1.705       11.75 
+55  +16        +37  +15        +41  +27        +55  +38 

(2)  0       3       0       0        1049  21.96         4.040       53.1  1.72  3.24 

3.280       24.19  3.867      24.41  3.846  22.33  3.403       19.81 

+23           —9  +4         —10  +5  —2  +19          +11 

(S)        0       2       0       0  1070             22.17  3.774  46.5  1.39          2.99 

2.935       21.69  3.400       21.83  3.403  19.99  3.016       17.68 

+29            +2  +11            +2  +11  +11  +25          +25 

(4)        0       3        0       0  1093             15.83  2.972  27.4  1.25           4.56 

2.327       18.86  2.656       19.05  2.540  16.84  2.345       15.69 

+28         —16  +12         —17  +17  —6  +27            +1 
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(5) 

0       4        0 

0 

832 

14.44 

2.664 

23.8 

1.27 

5.34 

^          w 

2.058 

16.38 

2.367 

16.55 

2.307 

15.16 

2.094 

13.79 

(0) 

+29 
0       5        0 

-12 

0 

+13 

900 

—13 
14.94 

+15 
2.510 

—5 

17.8 

+27 
0.80 

+5 
4.50 

X           ^ 

1.645 

13.76 

1.858 

13.88 

1.764 

12.18 

1.636 

11.42 

(7) 

+53 
0       5        0 

+9 
0 

+35 
1076 

+8 
23.57 

+43 
4.150 

+23 
35.2 

+53 
1.56 

+31 
4.43 

2.760 

21.62 

3.182 

21.86 

3.070 

19.51 

2.819 

18.02 

(S) 

+50 
0       5        0 

+9 
0 

+30 
984 

+8 
14.97 

+35 

2.802 

+21 
25.2 

+47 
1.08 

+31 
4.29 

2.087 

16.82 

2.377 

17.00 

2.279 

14.94 

2.099 

13.94 

(9) 

+34 
0       7        0 

-11 
0 

+18 
782 

—12 
13.90 

+23 
2.473 

0 
20.5 

+33 
1.16 

+7 
5.66 

1.890 

15.18 

2.168 

15.30 

2.123 

14.48 

1.917 

12.81 

(/^) 

+31 
4       9        0 

—8 
0 

+14 
1034 

—9 
16.74 

+16 
2.696 

—4 

18.6 

+29 
0.97 

+9 
5.22 

1.877 

15.84 

2.119 

15.97 

2.032 

14.32 

1.867 

13.27 

(//) 

+43 
0       2       0 

+6 
0 

+27 
1020 

+5 
19.18 

+33 
3.303 

+17 
25.9 

+44 
1.24 

+26 
4.79 

2.229 

18.06 

2.553 

18.24 

2.456 

16.20 

2.255 

15.08 

(12) 

+48 
0       5       0 

+6 
0 

+29 
868 

+5 
18.17 

+35 
2.897 

+18 
25.5 

+47 
1.18 

+27 
4.63 

2.099 

16.70 

2.418 

16.88 

2.338 

15.12 

2.139 

13.97 

(IS) 

+38 
0      4        0 

+9 
0 

+20 
914 

+8 
15.99 

+24 
2.935 

+20 
25.7 

+35 
1.27 

+30 
4.94 

2.182 

17.48 

2.516 

17.66 

2.439 

15.92 

2.225 

14.66 

(l^t) 

+34 
0       3        0 

—9 
0 

+16 
869 

—9 
17.12 

+20 
3.000 

0 
24.7 

+32 
1.16 

+9 
4.71 

2.053 

16.40 

2.362 

16.57 

2.280 

14.83 

2.090 

13.72 

(15) 

+46 
0       2        0 

+4 
0 

+27 
836 

+3 
13.01 

+32 
2.400 

+15 
23.1 

+44 
0.95 

+25 
4.11 

1.833 

14.55 

2.087 

14.71 

2.009 

12.90 

1.844 

12.03 

(16) 

+31 
0       4        0 

-11 
0 

+15 
916 

—12 
18.63 

+19 
3.185 

+1 
31.2 

+30 
1.50 

+8 
4.81 

2.46G 

19.28 

2.856 

19.49 

2.772 

17.56 

2.531 

16.14 

(17) 

+29 
0      7       0 

—3 

0 

+12 
944 

—4 
14.28 

+15 
2.491 

+6 
20.8 

+26 
0.96 

+15 
4.62 

1.846 

15.22 

2.096 

15.37 

1.998 

13.53 

1.845 

12.66 

(18) 

+35 
0      2       0 

—6 
0 

+19 
948 

—7 
16.80 

+25 
3.000 

+6 
23.5 

+35 
1.18 

+13 

5.02 

2.074 

16.87 

2.379 

17.04 

2.297 

15.28 

2.102 

14.14 

(10) 

+45 
0       4       0 

0 
0 

+26 
942 

—1 
18.86 

+31 
3.220 

+10 
25.6 

+43 
1.26 

+19 
4.92 

2.195 

17.66 

2.528 

17.84 

2.448 

16.06 

2.237 

14.81 

(20) 

+46 
0       5        0 

+7 
0 

+27 
765 

+6 
15.26 

+32 
2.463 

+17 
19.4 

+43 
0.98 

+27 
5.04 

1.700 

13.79 

1.952 

13.92 

1.886 

12.50 

1.725 

11.56 

(21) 

+45          +11 
2       7        0       0 

+26 
779 

+10 
12.24 

+31 
2.275 

+22 
16.2 

+43 
0.98 

+32 
6.14 

1.671 

13.73 

1.890 

13.81 

1.860 

13.36 

1.668 

11.65 

(22) 

+36 
0       4       0 

-11 
0 

+20 
935 

—11 
18.80 

+22 
3.135 

—8 
18.5 

+36 
0.83 

+5 
4.49 

1.709 

14.30 

1.931 

14.43 

1.832 

12.65 

1.700 

11.87 

(23) 

+83          +31 
0       3        0       0 

+62 
905 

+30 
18.15 

+71 
2.945 

+49 
28.0 

+84 
1.38 

+58 
4.93 

2.314 

18.32 

2.678 

18.52 

2.604 

16.74 

2.372 

15.38 

(2/,) 

+27 
0      6        0 

— 1 
0 

+10 
914 

—2 
13.92 

+13 
2.419 

+8 
15.1 

+24 
0.74 

+18 
4.90 

1.546 

13.26 

1.742 

13.36 

1.658 

11.79 

1.532 

11.06 

(25) 

+56 
0       5        0 

+5 
0 

+39 
779 

+4 
14.72 

+46 
2.530 

+18 
22.7 

+58 
1.23 

+26 
5.42 

1.998 

15.80 

2.293 

15.96 

2.247 

14.86 

2.031 

13.34 

(2G) 

+27 
0      7        0 

—7 
0 

+10 
854 

—8 
12.80 

+13 
2.140 

—1 
16.4 

+25 
0.78 

+10 
4.70 

1.557 

13.07 

1.762 

13.20 

1.775 

12.08 

1.649 

11.34 

+37 

—2 

+22 

—3 

+  21 

+6 

+30 

+13 
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TABLE   F. — HIGH    PBOTEIN!     26    CLASS    B    RECORDS,    AVERAGE    LENGTH    165    DAYS 

(i)  Cloedah,  W.  J,  5,  217.  (2)  Electa,  '09,  J,  4,  189.  (3)  Madam,  *05,  J,  4, 
182.  (4)  Madam,  '05,  J,  5,  210.  (5)  Peggy,  '06,  J.  4,  210.  (6)  Phoebe,  '09,  H, 
4,  126.  (7)  Phoebe,  '09,  H,  5,  161.  (8)  Rosel,  '96,  J,  '11,  ^10.  (.9)  Vt.  Peony, 
'08,  /,  5,  217.  (10)  Zeta,  '99,  J,  9,  210.  (11)  Zeta,  '99,  J,  10,  210.  (12)  Alta, 
'97,  J,  11,  189.  US)  Avis,  '00,  J,  8,  161.  iU)  Avis,  '00,  J,  13,  217.  (15) 
Dewdrop,  '00,  J,  7,  175.  (16)  Dewdrop.  '00,  J,  9,  112.  (i7)  Doris,  '01,  J,  6, 
175.  (18)  Hester,  '01.  J,  6,  175.  (19)  Kate,  '00,  J,  9,  140.  (20)  Kate,  '00,  J, 
11, 126.  (21)  Lena,  '03,  J,  5,  126.  (22)  Mildred,  '03,  J,  9,  217.  (23)  Monetta, 
'06,  /,  6,  196.  (2J,)  Santa  Rosa,  '99,  J,  8, 126.  (2o)  Santa  Rosa,  '99,  J,  12,  119. 
(26)  Tansy,  '03,  J,  5,  112. 

(1)  2       9       0       3  938  12.40         1.765       10.0  0.59  5.90 

1.327       11.95         1.467       12.01         1.391       10.94         1.283         9.98 
+33  -f4        +20  +3        +27  +13        +38  +24 

(2)  0       6        0       1  814  14.63         2.657       21.6  1.23  5.69 

1.985       15.92  2.276  16.05         2.232  15.20         2.014  13.44 

+34           —8  +17  —9        +19  —4  +32  +9 

(.0        0       6        0      4  862  14.62        2.566  12.5           0.69  5.52 

1.403       12.14  1.566  12.22         1.495  10.98         1.376  10.15 

+83          +21  +64  +20        +71  +33  +87  +44 

(//)        0       7        0       4  914  12.85         2.220  12.7           0.66  5.20 

1.427       12.47  1.592  12.56         1.511  11.13         1.387  10.41 

+56            +3  +39  +2        +47  +15  +59  +23 

(o)        2       9        0       4  840  18.18         3.220  22.3           1.34  6.01 

2.082       16.72  2.394  16.85         2.356  16.28        2.118  14.13 

+55            +9  +35  +8        +37  +12  +52  +29 

(6)  0      4        0       2  1013  16.86         2.820  33.7           1.21  3.59 

2.360       18.58         2.764       18.78         2.688       16.75         2.406       15.22 
+19  —9  +2         —10  +5  +1        +17  +11 

(7)  0       5        0       2        1003  16.21         2.876       29.0  0.99  3.42 

2.123       17.03         2.471       17.20         2.391       15.27         2.150       13.95 
+35  —5        +16  —6        +20  +6        +34  +16 

(8)  3    10       0       2        1035  19.76         3.158       23.5  1.14  4.85 

2.099       17.26         2.393       17.42        2.294       15.46         2.112       14.40 
+50  +15        +32  +14        +38  +28        +50  +37 

(9)  0       7       0       2  806  13.17         2.207       16.3  0.95  5.83 

1.632       13.53  1.852  13.63         1.799  12.70         1.634  11.38 

+35           —3  +19  —4        +23  +4        +35  +16 

(W)        18        0       5  865  17.34         2.680  18.9          0.94  4.97 

1.740       14.38  1.985  14.51         1.909  12.95         1.752  12.04 

+54          +21  +35  +20        +40  +34        +53  +44 

(11)  18        0      2  867  20.00        3.115  19.5           0.95  4.87 

1.748       14.38         1.991       14.52         1.908       12.89         1.758       12.00 
+78  +39        +56  +38        +63  +55        +77  +67 

(12)  0       6        0       1  848  15.98         2.450       20.7  1.03  4.98 

1.836       14.96         2.105       15.01         2.031       13.54         1.859       12.54 
+33  +7        +16  +6        +20  +18        +32  +27 

(13)  0       5        0       3  803  16.28         2.808       24.8  1.14  4.60 

1.976  15.59  2.273  15.77         2.190  14.04         2.010  13.00 

+42  +4  +24  +3        +28  +16        +40  +25 

(U)        2       9        0  3  854  11.98         1.913  11.7           0.56  4.79 

1.282  11.28  1.429  11.36         1.343  9.89         1.253  9.36 

+49  +6  +34  +5        +43  +21        +53  +28 

(15)        0       5        0  4  810  15.99         2.590  21.6           1.16  5.37 

1.906  15.30  2.187  15.45        2.126  14.11         1.934  12.88 

+36  +5  +18  +3        +22  +13        +34  +24 
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(16) 

0       4       0       1 

877 

18.40 

3.010 

23.2 

1.25 

5.39 

2.099       16.79 

2.400 

16.95 

2.342 

15.70 

2.122 

14.15 

(17) 

+43          +10 
0       5        0       1 

+25 
795 

+9 
13.91 

+29 
2.323 

+17 
15.5 

+42 
0.80 

+28 
5.16 

1.518       12.68 

1.719 

12.78 

1.653 

11.51 

1.496 

10.63 

(18) 

+56          +10 
0       6        0       1 

+38 
835 

+9 
15.02 

+41 
2.700 

+21 
20.2 

+55 
0.99 

+31 
4.90 

1.797       14.66 

2.059 

14.80 

1.987 

13.26 

1.819 

12.28 

(19) 

+50            +2 
0      5        0      2 

+31 
896 

+1 
18.55 

+36 
3.221 

+13 
30.9 

+48 
1.63 

+22 
5.2S 

2.543       19.81 

2.944 

20.02 

2.887 

18.49 

2.612 

16.72 

(BO) 

+27           —6 
0      4       0       1 

+9 

876 

—7 
14.01 

+11 
2.G90 

0 
26.0 

+23 
1.28 

+11 
4.95 

2.173       17.30 

2.511 

17.48 

2.438 

15.79 

2.223 

14.52 

(21) 

+24         —19 
0       4       0       1 

+7 
836 

—20 
15.65 

+10 
2.952 

—11 
30.4 

+21 
1.47 

—4 
4.84 

2.364       18.33 

2.644 

18.55 

2.667 

16.75 

2.434 

15.37 

(22) 

+25         —15 
0      7       0       5 

+12 
865 

—16 
14.30 

+11 
2.535 

—7 
18.9 

+21 
0.92 

+2 
4.87 

1.711       14.14 

1.947 

14.27 

1.864 

12.65 

1.717 

11.79 

(2S) 

+48            +1 
0       6        0       2 

+30 
841 

0 
14.11 

+36 
2.445 

+13 
24.6 

+48 
1.35 

+21 
5.50 

2.163       17.10 

2.483 

17.27 

2.432 

16.07 

2.198 

14.43 

(24) 

+13         —17 
0       4        0       1 

—2 
904 

—18 
16.15 

+1 
2.746 

—12 
23.5 

+11 
1.09 

—2 
4.64 

1.972       15.91 

2.254 

16.08 

2.158 

14.23 

1.992 

13.24 

(25) 

+39            +2 
0      4       0       2 

+22 
941 

0 
15.27 

+21 
2.731 

+13 
17.4 

+38 
0.78 

+22 
4.48 

1.651       13.94 

1.859 

14.06 

1.760 

12.30 

1.637 

11.57 

(26) 

+65          +10 
0      4        0       1 

+47 
867 

+9 
17.10 

+55 
2.963 

+24 
28.0 

+67 
1.39 

+32 
4.98 

2.287       18.02 

2.651 

18,22 

2.582 

16.50 

2.349 

15.13 

+30           —5 

+12 

—6 

+15 

+4 

+26 

+13 

TABTJ:  0. — VERY  LOW  PROTEIN:    6  CI^SS  A  RECX)BD8,  AVERAQE  LENGTH  145  DAYS 

(1)  Cherry.  '00.  J,  15,  210.     (2)  Granny,  '10,  J.  6,  210.     (S)  Janet,  '10,  J,  6, 
119.     (4)  Phoebe,  '09,  H,  7,  140.     (5)  Vic,  '10,  J,  5,  98.     (6)  Vic.  '10.  J,  6.  91. 

(1) 
(?) 
(S) 


(i) 


(5) 


(6) 


0 

7       0 

0 

880 

13,41 

1,115 

15.1 

0.66 

4.37 

1.454 

12.38 

1.628 

12.49 

1.539 

10.84 

1.431 

10.24 

-23 

+8 

—32 

+8 

—28 

+24 

—22 

+31 

1 

8        0 

0 

900 

14.07 

1.100 

17.9 

0.96 

5.36 

1,740 

14.49 

1.973 

14.62 

1.898 

13.17 

1.738 

12.16 

-37 

—3 

—44 

—4 

—42 

+7 

—37 

+16 

0 

3        0 

0 

820 

15.52 

1.328 

22.8 

1.22 

5.36 

1.988 

15.87 

2.284 

16.03 

2.224 

14.67 

2.021 

13.37 

-33 

—2 

—42 

—3 

--40 

+6 

—34 

+16 

0 

4        0 

0 

960 

16.22 

1.235 

33.7 

1.24 

3.68 

2.408 

18.67 

2.795 

18.90 

2,716 

16.77 

2.455 

15.39 

-49 

-13 

—56 

—14 

—55 

—3 

—50 

+5 

0 

3        0 

0 

800 

16.02 

1.367 

27.0 

1.45 

5.37 

2.234 

17.44 

2.585 

17.63 

2,531 

16.26 

2.291 

14.71 

-39 

—8 

—47 

—9 

—46 

—1 

—40 

+9 

0 

2        0 

0 

770 

15.92 

1.187 

26.0 

1.46 

5.62 

2.203 

17.13 

2.541 

17.31 

2.500 

16.22 

2,253 

14.48 

-46 

—7 

—53 

—8 

—53 

—2 

—47 

+10 
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TABLE  H. — VEBY  LOW  PROTEIN:    9  CLASS  B  RECORDS,  AVERAGE  LENGTH  168  DAYS 

U)  Alice,  '11,  J,  4,  119.  (2)  Catrlna  2nd,  *04,  HJ,  10,  161.  (5)  Katydid,  *09, 
J,  5,  196.  (4)  Katydid.  *09,  J,  7.  168.  (5)  Phoebe,  *09,  H,  6,  161.  {6)  Theta, 
'08,  J,  7,  140.  (7)  Vt  Peony,  '08,  J,  9,  210.  (8)  Granny,  '10,  J,  4,  210.  (9) 
Vt.  Una  2nd,  '11,  J,  5,  161. 

a) 

(2) 

(5) 
.('/) 
(5) 
(G) 
(7) 
(S) 
(0) 


0 

4        0 

1 

8S0 

14.19 

1.210 

19.5 

1.05 

5.38 

1.829 

14.85 

2.083 

14.99 

2.026 

13.80 

1.840 

12.50 

-34 

—4 

—42 

—5 

—40 

+3 

—34 

+14 

0 

5       0 

2 

890 

16.01 

1.430 

27.9 

1.19 

4.27 

2.172 

17.05 

2.492 

17.24 

2.404 

15.26 

2.207 

14.14 

-34 

—6 

—43 

—7 

—40 

+5 

—35 

+13 

1 

7        0 

4 

800 

14.70 

1.265 

23.7 

1.26 

5.32 

2.029 

16.08 

2.338 

16.25 

2.280 

14.91 

2.070 

13.55 

-38 

—9 

—46 

—10 

—45 

—1 

—39 

+8 

0 

6       0 

3 

750 

15.33 

1.202 

22.7 

1.25 

5.50 

1.978 

15.57 

2.273 

15.73 

2.228 

14.67 

2.014 

13.15 

-41 

—2 

—47 

—3 

—46 

+4 

—40 

+17 

0 

5        0 

1 

1000 

16.19 

1.391 

29.7 

1.03 

3.47 

2.155 

17.22 

2.512 

17.40 

2.432 

15.46 

2.185 

14.12 

-35 

—6 

—45 

—7 

—43 

+5 

—36 

+15 

0 

4        0 

1 

160 

15.18 

1.314 

24.1 

1.29 

5.35 

2.026 

15.93 

2.340 

16.10 

2.288 

14.81 

2.072 

13.44 

-35 

—5 

—44 

—6 

—43 

+3 

—37 

+13 

2 

9        0 

5 

780 

11.77 

0.857 

9.3 

0.53 

5.70 

1.141 

10.13 

1.262 

10.19 

1.194 

9.07 

1.106 

8.45 

-25          +16 

—32 

+15 

—28 

+30 

—22 

+39 

2 

9        0 

5 

960 

13.90 

1.166 

14.6 

0.82 

5.62 

1.606 

13.80 

1.79G 

13.91 

1.718 

12.52 

1.579 

11.55 

-27 

+1 

—35 

0 

—32 

+11 

—26 

+20 

0 

5       0 

3 

730 

13.92 

1.043 

16.9 

0.93 

5.52 

1.593 

12.95 

1.812 

13.07 

1.761 

12.03 

1.601 

10.90 

-35 

+7 

—42 

+7 

—41 

+16 

—35 

+28 

TABLE  L — LOW  PROTEIN:   24  CLASS  C  RECORDS,  AVERAGE  UENOTH  177  DAYS 

(1)  Ardelle,  '03,  J.  4.  175.  (2)  Ardelle,  '03,  J,  5,  210.  (5)  Ardelle,  '03,  J,  11. 
189.  (4)  Fyra,  ?.  H,  12,  224.  (5)  Grace,  '02,  J,  11,  119.  (6)  Grace,  '02,  J, 
12,  210.  (7)  Sheila,  '02,  J,  7,  140.  (8)  Cherry,  '00,  J,  9,  189.  (9)  Edith,  '98, 
J,  12,  210.  (10)  Laura  B.,  '07,  J,  6,  119.  ill)  Lena,  '03,  J,  6,  210.  (12) 
Vie.  '02,  J,  9,  217.  (IS)  Zillah,  '02,  A.  5,  49.  (U)  Zillah.  '02,  A,  7,  119.  (15) 
Zillah,  '02,  A,  9,  217.  (16)  Zillah,  '02,  A,  11,  224.  (17)  Ardelle,  '03,  J,  11, 
140.  (18)  Grace,  '02,  J,  13,  210.  (19)  Kinky,  '10,  J,  5,  210.  (20)  Laura  B, 
'07,  J,  8, 140.  (21)  Sheila,  '02,  J,  12,  105.  (22)  Vt.  Aster,  '05,  J,  3,  210.  (23) 
Fyra,  ?,  H,  8,  210.     (24)  Pyra,  ?,  H,  10,  210. 

(/) 
(2) 
(3) 

(//) 
(5) 


5 

10        2       7 

667 

11.50 

1.166 

11.5 

0.70 

6.09 

1.237       10.48 

1.398 

10.54 

1.355 

9.92 

1.231 

8,81 

—6          +10 

—17 

+9 

—14 

+16 

—5 

+31 

2 

9       0       7 

738 

12.89 

1.234 

12.4 

0.74 

5.97 

1.347       11.44 

1.521 

11.52 

14.72 

10.81 

1.339 

9.62 

—8          +13 

—19 

+12 

—16 

+19 

—8 

+34 

4 

10        1      7 

817 

11.27 

1.132 

10.8 

0.64 

5.93 

1.296       11.35 

1.447 

11.41 

1.386 

10.54 

1.270 

9.50 

-13           —1 

—22 

—1 

—18 

+7 

—11 

+19 

4 

11        1       8 

1117 

14.20 

1.482 

19.9 

0.85 

4.27 

1.886       15.98 

2.115 

16.12 

2.001 

14.00 

1.859 

13.21 

-21         —11 

—30 

—12 

—26 

+1 

—20 

+7 

4 

8        15 

963 

12.50 

1.186 

10.8 

0.54 

5.00 

1.322       11.94 

1.463 

12.01 

1.370 

10.44 

1.280 

9.91 

-10            +5 

—19 

+4 

—13 

+20 

—7 

+26 
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(6) 

4 

11        0       6 

917 

11.67 

1.200 

10.7 

0.57 

5.33 

1.305       11.67 

1.444 

11.74 

1.360 

10.33 

1.265 

9.72 

—8               0 

—17 

—1 

—12 

+13 

—5 

+20 

(7) 

6 

11        0       6 

842 

16.49 

1.514 

10.6 

0.62 

5.85 

^      ' 

1.284       11.32 

1.427 

11.38 

1.359 

10.32 

1.252 

9.47 

+18          +46 

+6 

+45 

+11 

+60 

+21 

+74 

(8) 

4 

10       0       4 

951 

15.38 

1.651 

13.0 

0.65 

5.02 

1.446        12.72 

1.615 

12.81 

1.525 

11.22 

1.417 

10.59 

+14          +21 

+2 

+20 

+8 

+37 

+16 

+45 

(9) 

8 

15        0       3 

947 

14.19 

1.524 

13.4 

0.71 

5.30 

1.494       13.02 

1.668 

13.11 

1.584 

11.64 

1.465 

10.87 

+2            +9 

—9 

+8 

—4 

+21 

+4 

+31 

{10) 

7 

11        4       8 

875 

12.81 

1.337 

12.3 

0.78 

6.34 

1.467       12.67 

1.633 

12.73 

1.581 

11.97 

1.435 

10.63 

—9            +1 

—18 

+1 

—15 

+7 

—7 

+20 

Ul) 

9 

16       0      7 

888 

12.35 

1.305 

10.9 

0.58 

5.33 

1.297       11.52 

1.439 

11.60 

1.359 

10.23 

1.261 

9.60 

+1            +7 

'—9 

+7 

—4 

+21 

+4 

+29 

(12) 

3 

10       0      7 

1018 

13.03 

1.410 

14.0 

0.55 

3.96 

1.469       12.87 

1.623 

12.97 

1.522 

11.14 

1.422 

10.61 

—4            +1 

—13 

0 

—7 

+17 

—1 

+23 

(13) 

8 

10        5       7 

983 

15.50 

1.204 

10.8 

0.49 

4.54 

1.304       11.81 

1.433 

11.89 

1.330 

10.21 

1.253 

9.76 

—8          +31 

—16 

+30 

—10 

+52 

—4 

+59 

U^t) 

9 

13        3       7 

999 

13.32 

1.370 

11.6 

0.47 

4.06 

1.326       11.90 

1.453 

11.98 

1.353 

10.23 

1.271 

9.80 

+3          +12 

—6 

+11 

+1 

+30 

+8 

+36 

U5) 

6 

13        0       7 

992 

13.46 

1.442 

13.0 

0.46 

3.56 

1.331       11.94 

1.487 

12.01 

1.394 

10.36 

1.286 

9.77 

+8          +13 

—3 

+12 

+3 

+29 

+12 

+38 

UO) 

2 

9        0       7 

1012 

12.74 

1.308 

15.7 

0.64 

4.08 

1.556       13.41 

1.729 

13.52 

1.630 

11.65 

1.517 

11.05 

-16           —5 

—24 

—6 

—20 

+9 

—14 

+15 

(17) 

4 

10        2       8 

810 

13.40 

1.350 

12.6 

0.76 

6.03 

1.411       12.11 

1.588 

12.18 

1.532 

11.38 

1.397 

10.16 

—4          +11 

—15 

+10 

—12 

+18 

—3 

+32 

(18) 

2 

9        6     13 

900 

13.46 

1.343 

14.3 

0.74 

5.18 

1.517       13.01 

1.703 

13.11 

1.625 

11.70 

1.497 

10.88 

-11            +3 

—21 

+3 

—17 

+15 

—10 

+24 

(19) 

7 

14        0       7 

840 

13.59 

1.376 

14.1 

0.87 

6.17 

1.568       13.23 

1.758 

13.30 

1.716 

12.68 

1.548 

11.13 

-12            +3 

—22 

+2 

—20 

+7 

—11 

+22 

(20) 

5 

10        0       5 

870 

14.66 

1.521 

20.0 

1.14 

5.70 

1.919       15.66 

2.169 

15.78 

2.136 

14.82 

1.934 

13.20 

-21           —6 

—31 

—7 

—29 

—2 

—21 

+11 

(21) 

7 

10        4       7 

837 

10.28 

1.086 

11.9 

0.72 

6.05 

1.383       12.00 

1.550 

12.08 

1.489 

11.20 

1.362 

10.06 

-21         —14 

—30 

—15 

—27 

—8 

—20 

+2 

(22) 

4 

11        0      7 

734 

14.09 

1.335 

10.4 

0.65 

6.25 

1.237       10.67 

1.377 

10.72 

1.334 

10.09 

1.211 

8.95 

+8          +32 

—3 

+31 

0 

+40 

+10 

+59 

(23) 

6 

13        1       7 

1110 

18.20 

1.948 

24.1 

1.08 

4.48 

2.151       17.77 

2.441 

18.04 

2.324 

15.79 

2.152 

14.77 

—9            +2 

—20 

+1 

—16 

+15 

—9 

+23 

(2',) 

2 

9        0       6 

1122 

16.00 

1.725 

26.0 

1.02 

3.93 

2.189       17.81 

2.475 

18.00 

2.370 

15.69 

2.183 

14.71 

-21         —10 

—30 

—11 

—27 

+2 

—21 

+9 
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TABLE  K. — LOW  PBOTEIN:    19  CLASS  D  BECOBDS,  AVERAGE  I£NGTH  110  DAYS 

(1)  Ardelle,  '03,  J.  10,  175.     (2)  Vt.  Aster,  '05,  /,  7,  70.     (5)   Grace,  '02,  J, 

5,  84.     (4)  Grace,  '02,  J,  6,  105.     (5)  Grace,  '02,  J,  9,  175.     (6)  Sheila,  '02,  J, 

6,  70.  (7)  Sheila,  '02,  J,  9,  63.  (8)  Sheila.  '02,  J,  10,  70.  {9)  Sheila,  '02,  J, 
11,  84.  ilO)  Alta,  '97,  J,  5,  189.  (11)  Dewdrop,  '00.  J,  8,  84.  (12)  Elizabeth, 
'00,  J,  13,  105.  US)  Vie,  '02,  J,  5.  70.  (U)  Dot,  '09,  J,  6,  210.  (15)  Kinky, 
10,  J,  4,  49.  (16)  Monetta,  '06,  /,  8,  49.  (17)  Vt.  Aster,  '05,  J,  2,  140.  (18) 
Ardelle,  '03,  J,  12,  84.     (19)  Ardelle,  '03,  J,  14,  217. 

(1) 
(2) 
(S) 

(4) 
(5) 
(6') 
(7) 
(S) 
(9) 
(10) 

(11) 
(12) 

(m 

(/)) 
(15) 
(16) 
(H) 
(fH) 
(fO) 


0     16       2      8 

860 

11.22 

1.023 

7.5 

0.47 

6.27 

1.123       10.32 

1.225 

10.35 

1.158 

9.43 

1.069 

8.59 

—9            +9 
9     12        0       1 

—16 
968 

+8 
10.50 

—12 
0.900 

+19 
6.2 

—4 
0.33 

+31 
5.33 

1.062       10.22 

1.143 

10.27 

1.048 

8.82 

0.993 

8.46 

—15            +3 
7       9        5       7 

—21 
866 

+2 
13.56 

—14 
1.297 

+19 
9.0 

—9 
0.49 

+24 
5.44 

1.119       10.22 

1.227 

10.28 

1.136 

8.82 

1.072 

8.44 

+  16          +33 
6     10        1       5 

+6 
932 

+32 
12.98 

+14 
0.990 

+54 
7.8 

+21 
0.41 

+61 
5.26 

1.136       10.60 

1.237 

10.65 

1.149 

9.24 

1.079 

8.79 

—13          +22 
3       9       0       6 

—20 
976 

+22 
13.67 

—14 
1.360 

+40 
8.5 

—8 
0.40 

+48 
4.71 

1.180       11.01 

1.287 

11.07 

1.188 

9.49 

1.121 

9.11 

+16.         +24 
8     11        2       5 

+6 
823 

+23 
12.66 

+16 
1.057 

+44 
7.5 

+21 
0.40 

+50 
5.33 

1.041         9.61 

1.139 

9.66 

1.061 

8.41 

0.994 

7.99 

+2          +32 
5     17        6       8 

—7 
906 

+31 
14.28 

0 
1.397 

+51 
7.7 

+6 
0.49 

+58 
6.37 

1.169       10.77 

1.273 

10.81 

1.203 

9.82 

1.111 

8.97 

+20          +33 
6       8        5       7 

+10 
853 

+32 
13.50 

+16 
1.357 

+45 
9.8 

+26 
0.54 

+59 
5.60 

1.224       10.92 

1.352 

10.99 

1.277 

9.76 

1.184 

9.10 

+11          +24 
7     10        4       7 

0 

887 

+23    . 
11.68 

+6 
1.036 

+38 
9.0 

+15 
0.50 

+48 
5.55 

1.197       10.85 

1.310 

10.91 

1.235 

9.64 

1.149 

9.03 

—13            +8 
8     14        1       7 

—21 
948 

+7 
12.57 

—16 
1.392 

+21 
9.6 

—10 
0.56 

+29 
5.80 

1.292       11.72 

1.422 

11.78 

1.341 

10.55 

1.243 

9.77 

+8            +7 
2     15        6       9 

—2 
866 

+7 
13.45 

+4 
1.214 

+19 
9.4 

+12 
0.68 

+29 
7.24 

1.302       11.59 

1.443 

11.64 

1.410 

11.20 

1.276 

9.75 

—7          +16 
9     12       2       5 

—16 
849 

+15 
11.02 

—14 
1.029 

+20 
6.4 

—5 
0.42 

+38 
6.57 

1.055         9.81 

1.138 

9.83 

1.056 

8.96 

0.993 

8.17 

—2          +12 
2     15        3       6 

—10 
954 

+12 
13.81 

—3 
1.172 

+  23 
7.7 

+4 
0.30 

+35 
3.88 

1.084       10.21 

1.168 

10.26 

1.071 

8.67 

1.017 

8.38 

+8          +35 
2       9        0       6 

0 
950 

+35 
12.00 

+9 
1.090 

+59 
6.6 

+15 
0.33 

+65 
5.00 

1.061       10.16 

1.147 

10.21 

1.053 

8.72 

0.997 

8.41 

+2          +18 
2     14        5       7 

—5 

820 

+18 
12.56 

+4 
1.183 

+38 
7.5 

+9 
0.46 

+43 
6.15 

1.095       10.00 

1.197 

10.04 

1.135 

9.16 

1.047 

8.33 

+8          +26 
9     11       2       4 

—1 

880 

+25 
12.20 

+4 
1.120 

+37 
8.6 

+13 
0.57 

+51 
6.63 

1.244       11.20 

1.364 

11.24 

1.317 

10.58 

1.199 

9.39 

—10            +9 
6     11        0       3 

—18 
595 

+5 
9.52 

—15 
0.821 

+15 
6.2 

—7 
0.36 

+30 
5.95 

0.832        7.51 

0.919 

7.55 

0.870 

6.87 

0.804 

6.27 

—1          +27 
7     10        3       6 

—11 
810 

+26 
11.75 

—6 
1.155 

+39 
7.6 

+2 
0.45 

+52 
5.92 

1.076         9.85 

1.183 

9.90 

1.115 

8.93 

1.034 

8.21 

+7          +19 
6     13        0       0 

—2 

800 

+19 
10.60 

+4 
0.867 

+32 

7.0 

+12 
0.40 

+4.S 
5.72 

1.019         9.41 

1.113 

9.45 

1.042 

8.40 

0.972 

7.83 

—15          +13 

—22 

+12 

—20 

+26 

—11 

+35 
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TABLE  L. — LOW  FBOTEIN:    6  CLASS  E  BECOBDS,  AVERAGE  LENGTH  113  DATS 

(i)  Grace.  '02,  J,  7,  70.  (2)  Grace,  '02,  J,  8,  140.  (5)  Grace.,  '02.  J.  10,  119. 
(4)  Ladybird,  '00,  J,  12,  140.  (5)  Alice,  '11,  J,  5,  140.  {6)  Catrlna  2iid.  '10. 
HJ,  6,  70. 

(i) 
(2) 

(S) 

U) 
(5) 
(0) 


7       9       0       2 

913 

11.16 

0.957 

3.8 

0.20 

5.27 

0.867         8.75 

0.917 

8.78 

0.824 

7.39 

0.792 

7.21 

-flO          +28 

+4 

+27 

+16 

+51 

+21 

+55 

6     11        0       5 

982 

12.00 

1.266 

4.2 

0.19 

4.53 

0.927         9.35 

0.977 

9.38 

0.874 

7.86 

0.844 

7.69 

+36          +28 

+29 

+28 

+45 

+53 

+50 

+56 

3       7        15 

984 

13.65 

1.454 

5.7 

0.24 

4.22 

1.005        9.84 

1.071 

9.88 

0.968 

8.31 

0.927 

8.09 

+45          +39 

+36 

+38 

+50 

+64 

+57 

+69 

9     15        2       8 

992 

11.03 

0.950 

5.9 

0.31 

5.27 

1.060       10.29 

1.137 

10.33 

1.040 

8.85 

0.987 

8.51 

—10           +7 

—16 

+7 

—9 

+25 

—4 

+30 

9     14        3       8 

830 

10.79 

0.857 

5.5 

0.33 

6.10 

0.950         9.06 

1.027 

9.10 

0.952 

8.05 

0.893 

7.52 

—10          +19 

—17 

+19 

—10 

+34 

—4 

+44 

10     13        5       8 

960 

10.97 

0.871 

5.4 

0.31 

5.75 

1.026         9.98 

1.099 

10.01 

1.008 

8.70 

0.954 

8.26 

—15          +10 

—21 

+10 

—14 

+26 

—9. 

+33 

TABLE  M. — ^LOW  PROTEIN:    3   CLASS  F  RECORDS,  AVERAGE  LENGTH  210  DATS 

(/)  Aggie,  '99,  J,  9,  210.     (2)  Aggie,  '99,  J,  11,  210.     (3)  Aggie,  '99,  J,  13,  210. 

U)          9     18      10     17  942             14.85  1.361  10.4           0.63  5.10 

1.283       11.61  1.419       11.68  1.327  10.14         1.242  9.64 

+6          +28  —4          +27  +3  +47        +10  +54 

(2)  12     19       0       6  924             14.76  1.467  11.8          0.61  5.17 

1.378       12.18         1.532       12.26        1.448       10.83         1.344       10.16 
+7  +21         —4  +20  +1  +36  +9  +45 

(3)  14     21        0      7  924  13.61         1.457       10.0  0.53  5.32 

1.267       11.44         1.397       11.51        1.312       10.09         1.222         9.52 
+15  +19  +4  +18        +11  +35        +19  +43 

TABLE  N. — MEDIUM  PROTEIN:    20  CLASS  C  RECORDS,  AVERAGE  LENGTH  196  DATS 

(1)  Avis,  '00,  J,  9,  175.  (2)  Doris,  '01,  J,  9,  189.  (5)  Laura  B..  '07,  J.  5.  119. 
(//)  Mildred.  '03,  J,  7,  210.  (5)  Zillah,  '02,  A.  8,  140.  (6)  Zillah.  '02,  A.  10, 
217.  (7)  Laura  B.,  '07.  J.  7.  154.  (8)  Mattle,  '04,  J,  4,  196.  (.9)  Mu.  "00.  J,  6, 
175.  (10)  Elbaje,  ?,  H.  8.  210.  (11)  Elbaje,  ?,  H.  12,  210.  (12)  Edith,  '98. 
J.  10,  210.  (IS)  Goldfinch.  '01,  J,  9,  210.  (/4)  Elbaje.  ?.  H,  9,  210.  (75) 
Elbaje,  ?.  H,  13.  224.  (16)  Rocket,  '05,  J.  7,  210.  (/7)  Slicker.  '99.  J,  10.  210. 
(18)  Avis,  '00,  J,  11,  217.     (19)  Vt.  Una,  '00,  /,  9,  210.     (20)  Mu,  '00,  J,  8.  210. 

(1)  9     15        1       7         816  11.66         1.686       10.6  0.61  5  72 

1.266       11.11         1.409       11.18         1.343       10.15         1.236         9.30 
+33  +5        +20  +4        +25  +15        +36  +25 

(2)  6     12       0       6  987  13.19         1.761       11.9  0.64  6.38 

1.453       12.87         1.607       12.96         1.523       11.54         1.409       10.74 
+21  +2        +10  +2        +16  +14        +25  +23 

(3)  7     11       4       8  880  13.87         1.798       14.7  0.94  6.33 

1.638       13.83         1.836       13.90         1.791       13.24         1.617       11.63 
+10  0—2  0  0+5        +11  +19 

(4)  7     14        0       5  900  14.08         1.610       10.8  0.58  6.37 

1.300       11.58  1.440  11.65         1.358       10.27         1.262  9.64 

+24          +22  +12  +21        +18  +37  +28  +46 

(.5)        8     13        3       8  1011  15.20         1.914       17.8           0.74  4.16 

1.696       14.39  1.900  14.51         1.798       12.61         1.671  11.90 

+13            +6  +1  +5          +6  +21  +15  +28 
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(6)  2       9        0       7  990  14.10  1.973       20.2  0.83          4.11 

1.784       14.78  2.006  14.92  1.911       12.97  1.767       12.19 

+11           —5  —2  —5  +3            +9  +12          +16 

(7)  6     11       3       8  863  14.91  2.047       16.2  0.98           6.05 

1.716      14.44  1.942  14.54  1.885       13.70  1.712       12.41 

+19            +3  +5  +3  +9            +9  +20          +20 

(S)      12     18        0       4  844  17.16  2.037       12.4  0.80          6.45 

1.484       12.65  1.645  12.69  1.608       12.17  1.447       10.62 

+37          +36    .  +24  +35  +27          +41  +41          +62 

(9)        9     14        1       6  890  14.46  1.954       14.6  0.82           5.62 

1.557       13.25  1.747  13.25  1.676       12.07  1.537       11.09 

+26            +9  +12  +8  +17          +20  +27          +30 

(10)        8     15       0      7  1275  18.17  2.245       20.2  0.88           4.36 

2.014       17.34  2.246  17.48  2.117       15.14  1.973       14.33 

+11            +5  0  +4  +6          +20  +14          +27 

Un      10    17        0       6  1199  14.02  1.671       15.3  0.62          4.05 

1.666       14.75  1,834  14.86  1.715       12.73  1.606       12.14 

0           —5  —9  —6  —3          +10  +4          +16 

(12)  10     17        0       1  905  14.35  1.672       11.9  0.59          4.96 

1.348       11.91  1.502  12.00  1.416       10.49  1.317         9.91 

+24          +20  +11  +20  +18          +37  +27          +45 

(13)  9     16       0       0  903  12.85  1.745       11.2  0.80          7.15 

1.461       12.78  1.629  12.85  1.603       12.50  1.444       10.79 

+19            +1  +7  0  +9            +3  +20          +19 

m)        3     10       0       4  1274  18.77  2.745       29.3  1.17          3.99 

2.474       20.16  2.796  20.37  2.676       17.75  2.466       16.64 

+11           —7  —2  —8  +3            +6  +11          +13 

(15)  2       7        0       5  1133  13.60  1.746       17.1  0.63           3.66 

1.674       14.59  1.870  14.71  1.763       12.70  1.631       11.99 

+4           —7  —7  —8  —1            +7  +7          +13 

(16)  2       9        0       6  1117  15.67  2.105       17.6  1.02           5.80 

1.935       16.57  2.172  16.67  2.089       15.31  1.912       13.88 

+9           —6  —3  —6  +1            +2  +10          +13 

(17)  2       9        0       6  935  16.57  2.228       17.3  0.91           5.26 

1.727       14.52  1.952  14.65  1.875       13.15  1.720       12.17 

+29          +14  +14  +13  +19          +26  +29          +36 

(18)  4     11        0       6  847  12.45  1.828       12.9  0.67          5.20 

1.393       12.02  1.560  12.11  1.489       10.78  1.371       10.05 

+31            +4  +17  +3  +23          +16  +33          +24 

(19)  3     10       0       7  918  14.66  1.962       12.4  0.71          5.73 

1.455       12.71  1.622  12.79  1.549       11.64  1.424       10.63 

+35          +15  +21  +14  +27          +25  +38          +38 

(20)  2       9        0       6  858  15.70  1.995       17.0  0.87          5.12 

1.621       13.57  1.842  13.69  1.765       12.17  1.624       11.34 

+23          +16  +8  +15  +13          +29  +23          +38 

TABIJB  O. — MEDIUM  PROTEIN :    10  CLASS  D  RECORDS,  AVERAGE  LENGTH  141  DAYS 

(1)  Elbaje.  ?,  H,  7,  49.  (2)  Lizzie  Hexam,  '99,  J,  9,  189.  (3)  Ryllls,  *07,  J, 

6,  105.     (4)  Slicker,  '99,  J,  9,  154.  (5)  Edith,  '98,  J,  13,  217.     (6)  Ladybird, 
'00,  J,  13,  175.     (7)  Tansy.  '03,  J.  5.  119.     (8)  Rena,  '10,  J,  4,  140.     (9)  Ryllls, 

'07,  J,  7,  105.     (10)  Rocket,  '05,  J,  2,  154. 

(1)        ?       ?        5       7  1196  13.33  1.306         9.8  0.41           4.19 

(2) 

(3) 

(4) 


1.383       12.20 

1.495 

12.27 

1.371 

11.08 

1.301 

10.69 

—6            +9 

—13 

+9 

—5 

+20 

0 

+26 

0     16        0       5 

956 

13.13 

1.460 

8.4 

0.43 

5.08 

1.173       10.92 

1.282 

10.98 

1.189 

9.46 

1.118 

9.05 

+24          +20 

+14 

+20 

+23 

+39 

+31 

+45 

6       9        3       6 

816 

9.86 

1.304 

8.5 

0.53 

6.24 

1.162       10.43 

1.277 

10.47 

1.219 

9.65 

1.118 

8.72 

+12           —5 

+2 

—6 

+7 

+2 

+17 

+13 

9     14        0       5 

901 

13.29 

1.456 

9.2 

0.53 

5.77 

1.233       11.17 

1.358 

11.23 

1.281 

10.06 

1.188 

9.32 

+18          +20 

+7 

+18 

+14 

+32 

+23 

+43 

1     18        0       0 

907 

12.79 

1.696 

9.1 

0.45 

4.95 

L181       10.81 

1.299 

10.88 

1.211 

9.41 

1.135 

8.97 

+44          +18 

+31 

+17 

+40 

+36 

+49 

+43 
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(6) 

(7) 

(S) 


{10) 


6     12        2       8 

933 

10.80 

1.337 

7.6 

0.4Z 

5.53 

1.140       10.62 

1.238 

10.67 

1.152 

9.33 

1.080 

8.82 

+17            +2 
9     11        C       8 

+8 
1027 

+1 
12.98 

+16 
1.653 

+16 
8.0 

+24 
0.51 

+22 
6.38 

1.295       11.98 

1.399 

12.02 

1.325 

10.97 

1.220 

9.98 

+28            +8 
7     11        3       7 

+18 
190 

+8 
12.03 

+25 
1.379 

+18 
8.8 

+35 
0.58 

+30 
6.60 

1.215       10.81 

1.329 

10.84 

1.279 

10.13 

1.163 

9.04 

+14          +11 
6     10       1       5 

+4 
SJfO 

+11 
13.16 

+8 
1.667 

+20 
9.2 

+18 
0.58 

+33 
6.31 

1.241       11.11 

1.366 

11.15 

1.287 

10.29 

1.177 

9.27 

+34          +19 
5     10       0       5 

+22 
843 

+18 
11.47 

+29 
1.364 

+28 
7.9 

+42 
0.50 

+42 
6.34 

1.139       10.37 

1.246 

10.40 

1.183 

9.52 

1.089 

8.64 

+20          +11 

+9 

+9 

+15 

+20 

+25 

+33 

S  p. — MBHJIUM  protein:    6  CLASS  E  RECORDS,  AVERAGE  TJINGTn   88  DAYS 

(/)  Karah,  '09,  J.  4,  49.  (2)  Edith,  '98.  J,  10,  84.  (.5)  Elizabeth,  '00,  J,  12. 
70.  {J,)  Tansy,  '03,  J,  8,  119.  (5)  Angie,  '04,  J,  8,  84.  (6)  Angie,  '04,  J,  9. 
119. 

(1) 
(2) 
{3) 

Vt) 
(5) 


0     12        6       8 

873 

9.59 

1.000 

5.3 

0.31 

5.85 

0.958         9.24 

1.030 

9.28 

0.948 

8.09 

0.895 

7.66 

+4            +4 

—3 

+3 

+5 

+19 

+12 

+25 

0     13        6       9 

958 

11.44 

1.108 

5.2 

0.39 

5.58 

1.003         9.80 

1.071 

9.84 

0.978 

8.46 

0.929 

8.11 

+11          +17 

+3 

+16 

+13 

+35 

+19 

+41 

9     11        6       8 

830 

11.08 

1.157 

5.7 

0.37 

6.50 

0.991         9.32 

1.0G6 

9.34 

1.002 

8.46 

0.928 

7.75 

+17          +19 

+8 

+19 

+15 

+31 

+25 

+43 

9     13        3       7 

1024 

12.88 

1.715 

5.6 

0.31 

5.50 

1.075       10.49 

1.148 

10.53 

1.049 

9.06 

0.996 

8.68 

+60          +23 

+49 

+22 

+63 

+42 

+72 

+48 

7     10        3       6 

1036 

11.82 

1.359 

5.9 

0.41 

6.95 

1.162      11.17 

1.250 

11.21 

1.178 

10.22 

1.093 

9.31 

+17            +6 

+9 

+5 

+15 

+16 

+24 

+27 

6     12        1       7 

1080 

9.92 

0.975 

3.6 

0.23 

6.30 

1.006       10.24 

1.055 

10.26 

0.954 

8.85 

0.911 

8.45 

—3           —3 

—8 

—3 

+2 

+12 

+7 

+18 

TABLE  Q. — HIGH   PROTEIN:    26   CLASS   C   RECORDS,  AVERAGE   LENGTH   184   DAYS 

(/)  Catrina,  '01,  H,  6,  49.  (2)  Hilda,  '01.  J.  7.  119.  (.^)  Vt.  Una.  '00.  /,  7. 
140.     (.//)  Vt.  Una,  '00.  J,  8,  189.     (.5)  Yuba,  '99.  J,  9,  105.     («)  Yuba.  '99.  J, 

11,  210.  (7)  Doris,  '01,  J,  8,  140.  (N)  Vie,  '02.  J,  6,  210.  (.9)  Catrina.  '01, 
H,  7,  84.  {10)  Catrina,  '01,  H,  8,  210.  (;/)  Dewdrop.  '00,  J,  12,  217.  (/^') 
Madam,  '05,  J,  3,  210.  ilS)  Peggy,  '05,  J.  2,  210.  {II,)  Yuba,  '99,  J.  13.  217. 
{15)  Avis,  '00.  J,  11,  210.     {16)  Cherry,  '00,  J,  10,  210.     (/7)   Cherry,  '00.  J. 

12,  217.  (/«)  Dot.  '09,  J,  5,  224.  ( /.9)  Doris.  '01,  J,  10,  189.  {20)  Vie.  '02. 
J,  10.  217.  {21)  Vt.  Una,  '00,  J.  9,  210.  {22)  Vt.  Una,  '00,  J.  10,  154.  (2,*) 
Vt.  Una,  '00.  /,  11,  189.  {2J,)  Lena,  '03,  J,  8,  216.  (25)  Rosel,  '96,  J.  15,  210. 
{26)  Yuba.  '99,  J,  14,  217. 

(7)         ?       ?        5       7        1103  18.69         2.859       19.9  0.69  3.47 

{2) 

(5) 

(^) 


1.747       14.98 

1.986 

15.10 

1.887 

13.16 

1.722 

12.26 

+  04          +25 
5       9        2       6 

+44 
953 

+24 
14.32 

+51 
2.000 

+42 
10.2 

+66 
0.46 

+53 
4.43 

1.249       11.35 

1.371 

11.42 

1.271 

9.81 

1.198 

9.38 

+60          +26 
10     15        2       7 

+40 
825 

+25 
13.18 

+  57 
2.007 

+46 
10.3 

+67 
0.60 

+53 
5.83 

1.252       11.05 

1.391 

11.12 

1.324 

10.07 

1.220 

9.24 

+60          +19 
5     11        1       7 

+44 
840 

+19 
16.54 

+52 
1.900 

+31 
12.0 

+64 
0.72 

+43 
6.00 

1.392       12.07 

1.560 

12.15 

1.500 

11.27 

1.371 

10.12 

+36          +37 

+22 

+36 

+27 

+47 

+39 

+64 
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(-5) 

7     11        4       8 

1062 

17.58 

2.571 

11.6 

0.63 

5.43 

1.486       13.34 

1.637 

13.42 

1.542 

11.88 

1.432 

11.11 

i6) 

+73          +32 
6     12        0       6 

+57 
1080 

+31 
14.10 

+67 
1.967 

+48 
10.2 

+80 
0.53 

+58 
5.20 

1.388       12.76 

1.521 

12.83 

1.419 

11.18 

1.328 

10.60 

(7) 

+41          +11 
9     14       3       8 

+29 
980 

+10 
14.15 

+39 
2.243 

+26 
12.2 

+48 
0.67 

+33 
5.49 

1.467       12.94 

1.625 

13.03 

1.541 

11.62 

1.425 

10.80 

iS) 

+53            +9 
6     13        0       5 

+38 
982 

+9 
18.52 

+46 
2.810 

+22 
19.5 

+57 
0.88 

+31 
4.51 

1.799       15.04 

2.033 

15.18 

1.930 

13.31 

1.790 

12.49 

(9) 

+56          +23 
9     12        4       7 

+38 
1109 

+22 
23.23 

+46 
3.670 

+39 
23.7 

+57 
0.81 

+48 
3.42 

1.938      16.21 

2.222 

16.35 

2.126 

14.35 

1.938 

13.28 

{10) 

+89          +43 
7     14        0       5 

+65 
1145 

+42 
20.89 

+73 
3.729 

+62 
31.2 

+89 
1.01 

+75 
3.24 

2.299       18.41 

2.642 

18.53 

2.575 

16.51 

2.314 

15.03 

ill) 

+62          +14 
6     13        0       6 

+41 
808 

+13 
13.14 

+45 
2.364 

+27 
15.2 

+61 
0.76 

+39 
5.00 

1.478       12.46 

1.675 

12.56 

1.602 

11.15 

1.476 

10.40 

(12) 

+60            +5 
3     10       0       4 

+41 
772 

+4 
16.12 

+48 
2.500 

+18 
15.0 

+60 
0.88 

+26 
5.90 

1.545       12.89 

1.755 

12.98 

1.709 

12.29 

1.548 

10.85 

US) 

+62          +25 
2       9        0       5 

+42 
722 

+24 
13.92 

+47 
2.430 

+31 
19.0 

+61 
1.08 

+50 
5.68 

1.750       14.05 

2.006 

14.16 

1.967 

13.40 

1.775 

11.86 

Hi) 

+39           —1 
2       9        0       5 

+21 
1088 

—2 
14.48 

+24 
2.420 

+4 
13.7 

+37 
0.67 

+17 
4.95 

1.584       14.08 

1.762 

14.18 

1.658 

12.37 

1.534 

11.71 

(/5) 

+53            +3 
3     10        1       8 

+38 
835 

+2 
11.85 

+46 
1.934 

+17 
13.5 

+58 
0.66 

+24 
4.89 

1.395       12.00 

1.570 

12.09 

1.493 

10.66 

1.380 

10.00 

(16) 

+39           —1 
4     11        0       5 

+23 
939 

—2 
13.99 

+30 
2.105 

+11 
13.2 

+40 
0.66 

+19 
5.00 

1.449       12.70 

1.621 

12.79 

1.532 

11.22 

1.423 

10.57 

(17) 

+45          +10 
2      9        0       5 

+30 
928 

+9 
12.22 

+37 
1.938 

+25 
12.5 

+48 
0.60 

+32 
4.80 

1.381       12.17 

1.537 

12.26 

1.445 

10.67 

1.348 

10.10 

(18) 

+40               0 
2       9        0       6 

+26 
905 

0 
12.77 

+34 
2.138 

+14 
15.1 

+44 
0.75 

+21 
4.97 

1.540       13.19 

1.736 

13.29 

1.653 

11.73 

1.527 

11.00 

(10) 

+39           —3 
4     10        0       6 

+23 
968 

—4 
14.65 

+29 
2.673 

+9 
15.6 

+40 
0.77 

+16 
4.94 

1.614       13.89 

1.816 

13.99 

1.707 

12.34 

1.577 

11.58 

(20) 

+66            +5 
2       9        0       5 

+47 
988 

+5 
13.31 

+57 
1.913 

+19 
17.0 

+70 
0.72 

+27 
4.26 

1.635       13.92 

1.831 

14.04 

1.730 

12.18 

1.609 

11.51 

(21) 

+17           —4 
3     10       0       7 

+4 
918 

—5 
14.60 

+11 
1.962 

+9 
12.4 

+19 
0.71 

+16 
5.73 

1.455       12.71 

1.622 

12.79 

1.549 

11.G4 

1.424 

10.63 

(22) 

+35          +15 
3       8        16 

+21 
891 

+15 
13.29 

+29 
1.695 

+25 
10.4 

+38 
0.55 

+37 
5.29 

1.269       11.34 

1.404 

11.41 

1.322 

10.05 

1.230 

9.45 

(2S) 

+34          +17 
3       9       0       5 

+21 
875 

+16 
13.62 

+28 
1.931 

+32 
13.1 

+38 
0.70 

+41 
5.35 

1.425       12.32 

1.595 

12.42 

1.518 

11.05 

1.402 

10.29 

(2f,) 

+36          +11 
2       9        0       6 

+21 
890 

+10 
15.05 

+27 
2.615 

+23 
21.0 

+38 
1.06 

+33 
5.06 

1.883       15.42 

2.156 

15.56 

2.079 

13.93 

1.904 

12.91 

(2:-i) 

+39           —2 
6     13        0       2 

+21 
1016 

—3 
14.34 

+26 
2.180 

+8 
12.5 

+37 
0.64 

+17 
5.15 

1.486       13.18 

1.649 

13.27 

1.557 

11.70 

1.445 

10.99 

(20) 

+47            +9 
2       9        0       5 

+32 
1038 

+8 
13.84 

+40 
2.037 

+23 
12.9 

+51 
0.60 

+30 
4.65 

1.481       13.20 

1.642 

13.29 

1.538 

11.53 

1.438 

10.94 

+38           +5 

+24 

+  4 

+32 

+20 

+42 

+  26 
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TABIoE  B. — HIGH  PROTEIN:    16   Crj\.SS   D  RECORDS,  AVERAGE   UBNGTH  119  DATS 

(i)  Hilda,  '01,  J,  6,  98.  (2)  Hilda,  '01,  J,  8,  210.  (3)  Rosel,  *96,  J.  13,  119. 
(4)  Yuba,  '99,  J,  8,  70.  (5)  Yuba,  '99,  J,  10.  119.  (6)  Zeta,  '99,  J,  7,  98. 
(7)  Zeta,  '99,  J,  12,  154.  (8)  Alta,  '97,  J,  13,  70.  {9)  Cherry,  '00,  J,  8,  154. 
ilO)  Hester,  '01,  J,  8,  210.  (11)  Kate,  '00,  J,  7,  70.  (12)  Kate,  '00,  J,  12,  49. 
(13)  Santa  Rosa,  '99,  J,  10,  70.  (14)  Tansy,  '03,  J,  5,  49.  (15)  Tansy,  '03, 
J.  9,  189.     (16)  Madam,  '05,  J,  2,  175. 

(1)  12     16        2       6          954  13.37  1.765         8.8           0.40          4.56 

1.169       10.84         1.275  10.90  1.175         9.32         1.111        8.95 

+51          +24        +38  +23  +50          +43        +59          +49 

(2)  4     11        0       0          988  14.51  2.219         9.7           0.42          4.34 

1.230       11.31         1.342  11.38  1.240        9.71         1.171         9.32 

+81          +28        +66  +27  +79          +49        +90          +55 

(S)      10     14        3      7        1045  15.39  2.479         9.2          0.53           5.77 

1.334       12.32        1.458  12.37  1.366       11.00         1.273       10.26 

+80          +25        +70  +24  +81          +40        +96          +50 

(4)  14     16       4       6        1097  14.74  1.986        8.2           0.48           5.81 

1.305       12.29         1.416  12.34  1.316      10.87         1.233       10.21 

+52          +20        +40  +19  +51          +35        +61          +45 

(5)  8     12        3       7        1111  13.78  2.100        7.3          0.44           6.04 

1.267       12.10         1.369  12.15  1.269       10.74        1.191       10.04 

+66          +14        +54  +13  +65          +28        +76          +37 

(6)  5       8       0       3          8G8  13.95  1.837         7.2          0.37           5.15 

1.054         9.84        1.148  9.89  1.064         8.58         1.000         8.16 

+74          4-42        +60  +41  +73          +63        +84          +71 

(7)  6     11        2       7          865  14.17  2.350        9.2          0.44          4.79 

1.144       10.40         1.259  10.47  1.172         9.03         1.100         8.61 

+105         +36        +87  +35      +101  +57      +114          +65 

(S)        9     11        5       7          980  12.79  1.670         8.3           0.49          5.83 

1.230       11.41         1.342  11.56  1.255       10.16         1.171         9.49 

+37          +12        +24  +11  +33          +26        +43          +35 

(.9)        8     13        1       6          889  14.40  2.052         9.9          0.53          5.3G 

1.236       11.12         1.365  11.19  1.283         9.82         1.194         9.26 

+66          +29        +50  +27  +60          +47        +73          +56 

(10)  9     16        0       7          958  13.10  2.090         9J          0.54          5.57 

1.291       11.71         1.418  11.78  1.332       10.40         1.240         9.75 

+62          +12        +47  +11  +57          +26        +69          +34 

(11)  12     14       5       7          867  12.50  1.457        7.0          0.41          5.95 

1.076       10.03         1.174  10.07  1,099         9.04         1.024         8.35 

+35          +25        +24  +24  +32          +38        +42          +50 

(12)  9     11       6       8          924  11.31  1.694         9.1           0.51           5.60 

1.239       11.19         1.348  11.25  1.264         9.92         1.178         9.31 

+37            +1        +26  +1  +34          +14        +44          +21 

(IS)        9     11        2       4          996  13.74  2.170         6.6          0.33           5.01 

1.093       10.53         1.179  10.57  1.080         9.02         1.025         8.70 

+98          +31        +84  +30      +101  +52      +112          +58 

(//,)        9     11        6       8          937  12.94  1.531         8.5           0.53           6.21 

1.247       11.39         1.361  11.43  1.291       10.43         1.190         9.49 

+23          +14        +12  +13  +19          +24        +29          +36 

(15)  6     12        1      7          993  12.50  1.698         8.5           0.48           5.65 

1.252       11.60         1.367  11.G5  1.279       10.34         1.193         9.65 

+36            +8        +24  +7  +33          +21        +42          +29 

(16)  5     11        1       7          682  12.00  1.623         9.3           0.53          5.70 

1.087         9.48         1.212  9.54  1.158         8.69         1.064         7.93 

+49          +27        +34  +26  +40          +38        +53          +51 


tabu:  8. — HIGH  protein:    2  CI^SS  E  RECORDS,  AVERAGE  LENGTH   105  DATS 

(/)  Patima,  '02,  J,  6,  70.     (2)  Zeta,  '99.  J,  13,  140. 


(2) 


8     10        0      0          941             10.92 

1.286         2.9 

0.19 

6.41 

0.868         8.85         0.905         8.87 

0.818         7.67 

0.781 

7,32 

+48          +23        +42          +23 

+57          +42 

+65 

+49 

5     10        3       8          84G              10.53 

1.357        4.5 

0.22 

4.90 

0.862         8.50         0.921         8.53 

0.835         7.23 

0.798 

7.01 

+57          +24        +47          +23 

+62          +46 

+70 

+50 
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TABLE  T. — VERY  IjOW  PROTEIN !    3  CLASS   C  RECORDS,  AVERAGE  LENGTH  152  DAYS 

(i)  Ryllis,  '07,  J,  8,  140.     (2)   Monetta,  '06,  J,  9,  210.     (3)   Vt.  Peony,  '08, 
/,  7,  105. 


U) 


(2) 


(S) 


4       9        1 

6 

850 

12.53 

1.386 

12.06 

1.551 

12.13 

—26 

+4 

—34 

+3 

5     12       0 

0 

880 

12.33 

1.311 

11.48 

1.453 

11.53 

—29 

+7 

—36 

+7 

12     15        4 

7 

800 

14.07 

1,825 

14.72 

2.090 

14.87 

—34 

— 4 

—43 

—5 

1.029       11.8 

1.489       11.24 

-31  +11 

0.927       10.5 

1.400       10.77 

-34  +14       —27 

1.200       20.4  1.08 


0.72  6.11 

1.363       10.11 

25  +24 

0.67  6.36 

1.275         9.G0 

+28 

5.29 


2.030       13.56         1.848       12.39 
—41  +4       —35  +14 


TABLE  U. — VERY  LOW  PROTEIN;    8  CLASS  D  RECORDS,  AVERAGE  IJ:NGTH  116  DAYS 

(1)  Alice,  '11,  J,  4,  70.  (2)  Cherry,  '00,  J,  15,  49.  (5)  Janet,  '10,  J.  5,  210. 
(//)  Rena,  '10,  J,  5,  119.  (5)  Rena,  '10,  J,  6,  154.  (6)  Ryllis,  '07,  J,  9,  140. 
(7)  Vie,  '10,  J,  5,  70.     (8)  Vie,  '10,  J,  6,  119. 

U) 


(2) 


iS) 


U) 


(5) 


(6) 


(7) 


(«) 


9 

12        6       9 

920 

10.77 

0.957 

9.5 

0.61 

6.43 

1.328       11.86 

1.452 

11.89 

1.395 

11.09 

1.271 

9.92 

-28           —9 

—34 

—9 

—31 

—3 

—25 

+9 

12 

14        3       5 

9S0 

10.33 

0.878 

6.1 

0.29 

4.77 

1.008         9.73 

1.084 

9.77 

0.989 

8.30 

0.942 

8.03 

9 

-13            +6 
16        0       3 

—19 

850 

+6 
11.9G 

—11 
0.890 

+24 
9.5 

—7 
0.63 

+29 
6.65 

1.289       11.41 

1.422 

11.45 

1.382 

10.90 

1.252 

9.58 

6 

-30            +5 
10        3       7 

—37 

780 

+4 
11.24 

—36 
0.899 

+10 
8.1 

—29 
0.51 

+25 
6.30 

1.109         9.96 

1.218 

10.00 

1.163 

9.21 

1.066 

8.32 

6 

-19          +13 
12        3       9 

—26 
790 

+12 
12.08 

—23 
0.838 

+22 
8.9 

—16 
0.57 

+35 
6.41 

1.194       10.54 

1.310 

10.57 

1.264 

9.93 

1.148 

8.82 

4 

-28          +15 
9        2      7 

—36 

820 

+  14 
12.64 

—34 
0.836 

+22 
7.9 

—27 
0.48 

+37 
6.08 

1.103       10.07 

1.214 

10.11 

1.136 

9.15 

1.061 

8.40 

8 

-24          +26 
12        5       9 

—31 

850 

+25 
13.76 

—26 
1.171 

+38 
9.8 

—21 
0.70 

+50 
7.15 

1.320      11.66 

1.4G7 

11.72 

1.439 

11.33 

1.299 

9.83 

8 

-11          +18 
12        3       7 

—20 
830 

+17 
12.51 

—19 
0.874 

+22 
8.1 

—10 
0.57 

+40 
7.04 

1.180       10.65 

1.302 

10.70 

1.265 

10.18 

1.150 

8.94 

-26          +17 

—33 

+16 

—31 

+23 

—24 

+40 

TARI£  V. — V-ERY  IX>W  PROTEIN!    3  CTJiSS  E  RECORDS,  AVERAGE  LENGTH   126  DAYS 

(/)   Vt.  Peony,  '08,  J,  7,  70.     (2)   Granny,  '10,  J,  6,  154.     {S)   Monetta,  '06, 
/,  10,  154. 


(/)  8     12       0       3  810  10.37 

0.963         9.08         1.040         9.11 
—8  +14       —15  +14 

(2)        13     18        0       0  910 

0.936         9.22        0.994 
—32  +4        —36 

(S)  5     10        0       0  860 

0.979         9.38         1.060 


0.886  5.7 

0.973  8.18 

-9  +27 

0.636  4.3 

0.912  8.10 


9.G0 
9.24 
+4        —30  +19        —26 

10.54         0.722         5.1  0.34 


0.3G  6.32 

0.906         7.55 

—2  +37 

0.27  6.29 

0.861         7.63 

+26 

6.67 


9.41 


0.998 


8.60 


0.925 


7.82 


26 


+12        —32  +12        —28 


+23 


-22 


+35 


162 
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The  vast  amount  of  material  on  the  foregoing  pages  is  presented  in  con- 
densed form  in  tables  A  to  V,  on  pages  162-165,  inclusive,  which  set  forth 
the  averages  of  the  several  groups: 

The  horizontal  lines  show  the  same  data  as  in  the  great  tables  on  pages 
143-161,  of  which  they  are  a  condensation.  The  explanations  as  to  their 
nature  on  page  142,  hold  here,  except  that  it  should  be  noted  that  the  3rd 
and  4th  horizontal  lines,  each  dealing  with  percentages,  differ  in  this  respect 
that  the  upper  one  is  determined  by  direct  division,  using  the  figures  imme- 
diately above,  whereas,  the  lower  one  is  the  product  of  the  addition  of  the 
individual  percentage  figures  in  the  great  tables,  the  product  being  divided 
by  the  total  number.    The  figures  are  closely  identical  and  usually  the  same. 


Summation  Tabij»  A  to  V,  Inclusive,  Being  Avebages  of  the  324  Records 
ON  Pages  143  to  161,  Inclusive.    For  Heading  Explanations 

See  Page  142 
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TABLE   A. — IX)W   PROTEIN: 


34    CLASS   A  RECORDS,   AVERAGE  LENGTH   137   DATS; 
AVERAGE  AGE   8.6  YEARS 


I* 

0.5    4.8     0 

0 

841 

14.98 

1.606 

23.20        1.127         4.90 

II* 

1.966 

15.74 

2.257 

15.90 

2.1S2 

14.30         1.998       13.18 

III* 

—18 

—5 

—29 

—6 

—26 

+6        —20          +14 

IV* 

—18 

—4 

—28 

—5 

—25 

+5       —19          H-15 

TABLE   B. — LOW   PROTEIN: 


30    CLASS   B   RECORDS,   AVERAGE   LENGTH   160  DATS; 
AVERAGE  AGE  7.2  YEARS 


I* 

0.4    5.8     0       2.1       858 

15.61 

1.643       21.12 

1.059         5.03 

II* 

1.865       15.15         2.129 

15.30 

2.057       13.83 

1.880       12.69 

III* 

—12            +3        +23 

+2 

—20          +13 

—13          +23 

IV* 

—11            +4       —22 

+3 

—19          +13 

—11          +24 

tabu:  O. — MEDIUM  PROTEIN:       18  CLASS  A  RECORDS,  AVERAGE  LENGTH  142  DATS; 

AVERAGE  AGE  8.6  YEARS 


I* 

0.4    4.8     0 

0.2 

934 

16.01 

2.221 

23.66 

1.187        5.13 

II* 

2.083 

16.83 

2.385 

16.99 

2.317 

15.55 

2.103       14.09 

III* 

+7 

—5 

—7 

—6 

—4 

+3 

+6          +14 

IV* 

+8 

—3 

—5 

-^ 

—2 

+5 

+7      .    +16 

•I,  II,  III.  IV.  see  explanation  page  142.  I  refers  to  "II  upper  horizontal  line"  : 
II  to  "III  middle  horizontal  line" ;  III  to  "IV  lower  horizontal  line" ;  and  IV  to  the 
paragraph  at  the  head  of  this  paee. 

*  These  captions  have  no  relationship  whatsoever  to  the  flgrures  In  the  upper 
horizontal  line  in  each  of  the  21  tables  on  pa^es  162  to  165.  They  refer  only 
to  the  figures  in  the  2nd,  3rd  and  4th  horizontal  lines  in  the  tables. 
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TABLE  O. — MEDIUM  PROTEIN:       29   CLASS  B  RECORDS,  AVERAGE  LENGTH   182  DATS; 

AVERAGE  AGE  7.3   YEARS 


I*  0.7    6.4     0       0.3  954  15.63 

II*                   1.844       15.19  2.097  15.32 

III*           +16            +3  4-2  +2 

IV*            +16            +1  +2  0 


2.137  19.96 

2.020  13.80 

+6  +13 

+6  +11 


0.998  5.06 

1.850  12.67 

+16  +23 

+16  +21 


TABLE  E. — HIGH  PROTEIN: 


I*  0.4     4.7      0 

II*  2.078 

III*  +39 

IV*  +40 


26    CLASS  A  RECORDS,   AVERAGE  LENGTH   140  DATS; 
AVERAGE  AGE    7.9 


0         917  16.65         2.89         24.94         1.145  4.76 

16.65         2.384  16.81         2.311       15.15         2.108  13.90 

0  +21  —1  +25          +10  +37  +20 

0  +22  —1  +26          +10  +38  +20 


TABLE  F. — ^HIGH  PROTEIN: 


I* 
II* 
III* 
IV* 


26  CLASS  B  RECORDS,  AVERAGE  LENGTH  165  DATS; 
AVERAGE  AGE  7.3  YEARS 


I       5.9     0       2.3 

1.890  15.40 

+39  +2 

+43  +3 


877  15.72         2.633  21.44 

2.159  15.55         2.093  14.05 

+22  +1  +26  +12 

+25  +2  +30  +13 


1.059  5.02 

1.909  12.87 

+38  +22 

+42  +23 


TABLE  G. — VERY  LOW  PROTEIN:   6  CLASS  A  RECORDS,  AVERAGE  UINGTH  145  DAYS 

AVERAGE  AGE  7.3  YEARS 


I* 

0.2   4.5     0       0          855 

15.20 

1.223 

23.75 

1.165         4.96 

II* 

2.005       16.00         2.301 

16.17 

2.236 

14.66 

2.032       13.39 

III* 

—39           —5       —47 

—6 

—45 

+4 

—40          +13 

IV* 

—38           —3       —46 

—5 

—44 

+5 

—38          +14 

TABLE  H. — VERY  IX)W  PROTEIN:   9  CLASS  B  RECORDS,  AVERAGE  UINGTII  168  DAYS; 

AVERAGE  AGE  C.3  YEARS 


I* 
II* 
III* 
IV* 


0.6 


G  0 

1.837 
—34 
—34 


2.8       833 
14.82         2.101 
—2       —42 
— 1       —42 


14.58         1.209  20.93 

14.99         2.037  13.61 

—3       —41  +7 

—2        —40  +8 


1.039  5.13 

1.852  12.42 

-35  +17 

-34  +19 


TABI^   I. — LOW  protein: 


I*  5.011.0    1.3    6.8 

II*  1.489      12.85 

III*  —3           +6 

IV*  —6            +8 


24  CLASS  C  RECbRDS,  AVERAGE  UINGTH  177  DAYS; 
AVERAGE  AGE  8.6  YEARS 


915  13.63         1.443  13.95 

1.666  12.94         1.588  11.59 

—13  +5         —9  +18 

—16  +6       —12  +19 


0.707  5.18 

1.463  10.70 

— 1  +27 

—4  +29 
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TABLE  K. — LOW  FBOTEIN 


19   CLASS  D  BECOBDS,   AVERAGE  LENGTH    110   DAYS; 
AVERAGE  AGE  8.4  YEABS 


I* 

8.111.9     2.5    5.6 

871             12.30 

1.129         7.90 

0.45           5.72 

II* 

1.122       10.31 

1.226       10.36 

1.151         9.21 

1.071         8.55 

III* 

+1          +19 

—8          +19 

—2          +34 

+5          +44 

IV* 

+1          +19 

—8          +19 

—2          +34 

+5          +44 

TABLE  L. — LOW  PROTEIN: 


I* 
II* 
III* 
IV* 


7.311.5     1.8    6.0 
0.973        9.55 
+9  +21 

+9  +33 


6  CLASS  E  RECORDS,  AVERAGE  LENGTH   113  DAYS; 
AVERAGE  AGE  8    YEARS 


944 

1.047 

+1 

+3 


11.60 
9.58 

+21 
+21 


1.058 
0.944 

+12 
+13 


5.1 
8.19 

+42 

+42 


0.26 
0.900 

+18 
+18 


5.14 

7.88 

+47 
+48 


TABLE  M. — LOW  PROTEIN!   3  CLASS  F   RECORDS,  AVERAGE  LENGTH  210  DAYS; 


I* 
II* 
III* 
IV* 


11.7  19.3     3.3  10 
1.309       11.74 
+9  +23 

+9  +23 


AVERAGE  AGE  11  YEABS 

930  14.43         1.43         10.7  0.56  5.20 

1.449       11.82         1.362      10.35         1.269         9.77 

— 1  +22  +5  +40        +13  +48 

— 1  +22  +5  +39        +13  +47 


TABLE  N.- 


I* 
II* 
III* 
IV* 


-MEDIUM  protein:   20  CLASS  C  RECORDS,  AVERAGE  LENGTH  196  DAYS; 

AVERAGE  AGE  8.6  YEARS 


6.112.4     0.6    5.7  977  14.78 

1.633       13.99         1.828  14.09 

+1»           +6  +6  +5 

+20            +6  +7  +6 


1.937  15.54 

1.748  12.65 

+11  +17 

+12  +18 


0.791 
1.607 
+21 

+22 


5.22 
11.67 

+27 
+28 


TABLE  O. — MEDIUM  PROTEIN:   10  CLASS  D  RECORDS,  AVERAGE  LENGTH  141  DAYS; 

AVERAGE  AGE  7.7  YEABS 


I* 
II* 
III* 
IV* 


7.712.3     2       5.6       921  12.30         1.465         8.65         0.494        5.74 

1.216       11.04         1.329  11.10         1.251         9.99         1.160        9.25 

+20          +11        +10  +11        +17  +23        +26  +33 

+21          +11        +10  +11        +17  +23        +26  +33 


TABLE  P. — MEDIUM  PBOTEIN :   6  CLASS  E  RECORDS,  AVERAGE  LENGTH  88  DAYS ; 

AVERAGE  AGE  8.5  YEARS 


I* 

8.511.8     4.2    7.5       967             11.33         1.222         5.20         0.32           6.11 

II* 

1.033       10.04         1.103       10.08         1.018         8.86         0.959         8.33 

III* 

+18          +11        +11          +10        +20          +28        +27          +36 

IV* 

+18          +11        +10          +10        +20          +26        +27          +34 
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TABO:  Q. — HIGH  PROTEIN: 


I*  4.310.0    0.9    5.8 
II*  1.553       13.37 

III*  +50  +13 

IV*  +49  +13 


26  GLASS  C  REGOBDS,  AVERAGE  LENGTH  184  DATS; 
AVERAGE  AGE  8.6  TEARS 


949  15.10         2.33         15.11         0.723        4.75 

1.745       13.47         1.66         11.97         1.53         11.14 

+34  +12  +40  +26  +52  +36 

+33  +12  +40  +26  +51  +36 


TABLE  R. — HIGH  PROTEIN! 


I*  8.4  12.4     2.6    6.1 

II*  1.^03       11.10 

III*  +60          +21 

IV*  +60          +22 


16  CLASS  D  RECORDS,  AVERAGE  LENGTH  119  DATS; 
AVERAGE  AGE  8.6  TEARS 


947  13.46 

1.315       11.16 
+46  +21 

+46  +21 


1.921 
1.228 
+56 

4-57 


8.50 
9.82 

+37 
+38 


0.46 
1.147 

+67 
+68 


5.46 
9.22 

+46 
4-46 


TABLE    S.- 


-HIGII   protein:       2    class   E  RECORDS,    AVERAGE    LENGTH    105   DATS; 

AVERAGE  AGE  9.5  TEARS 


I*  6.510        1.5    4  894  10.73         1.325         3.70         0.21          5.66 

II*                   0.865         8.68         0.913  8.70        0.827         7.45         0.79          7.17 

III*           +53          +23  +45  +23        +60  +44  +68  +50 

IV*            +53          +24  +45  +23        +60  +44  +68  +50 


TABLE  T.- 

I*       7 
II* 
III* 
IV* 


-VERT  LOW  protein:   3  CLASS  C  RECORDS,  AVERAGE  LENGTH  152  DATS; 

AVERAGE  AGE  8  TEARS 


r      12  1.7     4.3 

1.507       12.75 
—30  +2 

—30  +2 


827  12.97         1.053       14.2 

1.698  12.84         1.64         11.86 

—38  +1       —36  +9 

—38  +2       —35  +10 


0.82  5.92 

1.495  10.70 

-30  +21 

-29  +22 


TABLE  U. — \'ERT  IX)W  PROTEIN:   8  CIASS  D  RECORDS,  AVERAGE  LENGTH  116  DATS; 

AVERAGE  AGE  6.9  TEARS 


I* 

7.812.1     3.1    7 

846             11.91 

0.919         8.5 

0.55           6.35 

II* 

1.190       10.74 

1.309       10.78 

1.255       10.01 

1.149         8.98 

III* 

—23          +11 

—30          +11 

—27          +19 

—20          +33 

IV* 

—22          +11 

—30          +11 

—26          +20 

—20          +33 

TABLE  V. — ^VERT  LOW  PROTEIN:   3  CLASS  E  RECORDS,  AVERAGE  U:NGTH  126  DATS; 

AVERAGE  AGE  7.7  TEARS 


I* 

8.7 13.3     0       1 

860             10.17 

0.75           5 

0.32           6.43 

II 

0.959         9.23 

1.031         9.25 

0.961         8.29 

0.897         7.67 

III* 

22          +10 

—27          +10 

—22          +23 

—16          +33 

IV* 

—22          +10 

—28          +10 

—22          +23 

—17          +33 
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Since  the  pluses  and  minuses  are  the  outstanding  results  it  seems 
worth  while  to  segregate  them  on  the  ration  basis  in  the  following  table, 
excluding  the  table  M  record,  which  is  in  a  class  by  itself. 

FLUB  OB  MINUS  RECOBDS    (FBOM  TABLES   A-Y,   PAGES  162  TO  165) 


n 

Class    (pages    140- 
141) 

1 

o 

Digestible 

protein 

Digestible    dry   ma 

u 

V             o               « 

•sis 

o              ^               X 

K         m          a 

ttcr 

Ration 

u 

1 

4) 

a 

> 

09 

DO 

< 

E 

•< 

Very  low 

G 

A 

6 

—39 

—47 

—45 

—40 

—  5 

—  6 

+  4 

+13 

digestible 

H 

B 

9 

—34 

—42 

—41 

—35 

—  2 

—  3 

+  7 

+17 

protein 

T 

C 

8 

—30 

—38 

—36 

—30 

+  2 

+  1 

+  9 

+21 

U 

D 

8 

—23 

—30 

—27 

—20 

+11 

+11 

+19 

+33 

V 

E 

3 

—22 

—27 

—22 

—16 

+10 

+10 

+23 

+33 

Low 

A 

A 

34 

—18 

—29 

—26 

—20 

—  5 

—  6 

+  5 

+14 

digestible 

B 

B 

30 

—12 

—23 

—20 

—13 

+  3 

+  2 

+13 

+23 

protein 

I 

C 

24 

—  3 

—13 

—  9 

—  1 

+  6 

+  6 

+18 

+27 

. 

K 

D 

19 

4-  1 

—  8 

—  2 

+  5 

+19 

+19 

+34 

+44 

L 

E 

6 

+  9 

+  1 

+12 

+18 

+21 

+21 

+42 

+47 

Medium 

C 

A 

18 

+  7 

—  T 

—  4 

+  6 

—  5 

—  6 

+  3 

+14 

digestible 

D 

B 

29 

+16 

+  2 

+  6 

+16 

+  3 

+  2 

+13 

+23 

protein 

N 

C 

20 

+19 

+  6 

+11 

+21 

+  6 

+  B 

+17 

+27 

0 

D 

10 

4-20 

+10 

+17 

+26 

+11 

+11 

+23 

+33 

P 

E 

6 

+18 

+11 

+20 

+27 

+11 

+10 

+28 

+36 

High 

B 

A 

26 

+39 

+21 

+25 

+37 

0 

—  1 

+10 

+20 

digestible 

F 

B 

26 

+39 

+22 

+26 

+38 

+  2 

+  1 

+12 

+22 

protein 

Q 

C 

26 

+50 

+34 

+40 

+52 

+13 

+12 

+26 

+36 

R 

D 

16 

+60 

+46 

+56 

+67 

+21 

+21 

+37 

+46 

S 

E 

2 

+53 

+46 

+60 

+68 

+23 

+23 

+44 

+50 

It  is  interesting  to  note  the  upward  steps  from  class  to  class,  that 
is  to  say,  the  increased  nutrient  intake  as  lactation  advanced,  regardless 
of  the  standard  used  as  a  yardstick.  This  is  just  what  was  to  be  ex- 
pected— that  as  the  cow  advanced  in  lactation  her  maintenance  and 
other  charges  tend  to  increase.  The  lower  horizontal  line. of  course 
means  very  little. 


Do  these  324  records  shown  upon  the  foregoing  pages  indicate  that 
a  sufficiency  of  digestible  nutrients  was  afforded  these  cows? 

What  light  does  this  great  mass  of  data  throw  upon  the  question 
of  the  maintenance  needs  of  milking  cows? 

What  was  the  relation  of  the  digestible  protein  contents  of  the 
four  rations  to  maintenance,  to  milk  making  and  to  foetal  construction  ? 

What  was  the  relation  of  the  digestible  dry  matter  contents  of  the 
four  rations  to  maintenance,  milk  making  and  foetal  construction  ? 


The  Maintenance  Requirements  of  Dairy  Cattle       167 

digestible  protein 

The  digestible  protein  intake  varied  much  more  profoundly  than 
did  that  of  digestible  dry  matter.  Necessarily  so,  for  variance  in  the 
digestible  protein  content  of  the  several  rations  was  the  crux  of  the 
matter.  It  constituted  the  raison  d'etre  for  the  trials  which  are  dis- 
cussed in  bulletin  225.  The  digestible  dry  matter  content  of  each 
ration,  in  so  far  as  it  was  possible,  was  kept  reasonably  uniform.  The 
situation  is  readily  grasped  in  the  following  condensation  of  the  table 
on  page  166. 

Digestible  protein  Digrestible  dry  matter 

Ration  Pluses         Minuses  Pluses       Minuses 

Very  low  protein  0  20  16  4 

Low    protein    6  14  18  2 

Medium  protein 18  2  18  2 

High  protein   20  0  18  1 

44  36  70  9 

The  cows  as  a  whole  had  enough  of  total  digestible  nutrients  to 
eat,  as  indicated  by  70  pluses  in  the  80  digestible  dry  matter  records. 
The  question  arises,  however,  do  the  36  minus  marks  in  the  80  digest- 
ible protein  records — 45  percent  of  them — indicate  that  the  cows  as  a 
whole  received  an  insufficiency  of  digestible  protein? 

Let  us  analyze  the  situation : 

1.  High  protein  ration.  The  cows  fed  the  high  digestible  protein 
ration  ate  much  more  of  this  nutrient  than  was  needed  for  the  three 
purposes  of  maintenance,  milk  making  and  foetal  construction.  This 
is  true  regardless  of  the  standard  used.  This  is  true  of  fresh  and 
farrow  cows,  of  pregnant  and  non-pregnant  cows.  The  same  conclu- 
sion is  reached  in  bulletin  225,  in  which  the  fact  is  set  forth  that 
the  high  protein  ration  seemed  distinctly  inferior  to  its  competitors 
as  a  live  weight  maker.  The  mature  cows  fed  during  a  long  series  of 
years  continuously  on  the  high  digestible  protein  diet,  as  a  whole 
actually  lost  somewhat  in  the  weight  from  their  seventh  year  onwards. 
Furthermore,  the  cows  used  in  the  lactation  alternation  trials  when 
changed  from  a  wider  to  a  narrower  ration,  on  the  whole  lost  in  live 
weight  more  often  than  they  gained  and  vice  versa.  Since  these  cows 
were  egregiously  overfed  with  digestible  protein,  it  seems  unnecessary 
to  make  further  use  of  the  data  they  afford  except  in  considering  the 
relation  of  the  digestible  dry  matter  content  to  maintenance  and  milk 
making  needs. 
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2.  Very  low  protein  ration.  The  cows  fed  the  very  low  digest- 
ible protein  ration  ate  considerably  less  of  this  nutrient  than  seemed 
necessary  for  the  three  purposes  of  maintenance,  milk  making  and 
foetal  construction.  This  is  true  whatever  standard  is  applied.  This 
is  true  of  fresh,  farrow,  pregnant  and  non-pregnant  cows.  When  one 
views  such  a  battery  of  minuses  as  appears  in  the  tables,  ranging  from 
— 16  to  — 47  percent  for  cows  making  more  than  a  modicum  of  milk, 
minuses  moreover  which  express  thus  concretely  the  judgments  of  four 
outstanding  American  experts  in  dairy  nutrition,  it  seems  fair  to 
assume  that,  as  a  matter  of  fact,  these  cows  were  under-nourished. 
Furthermore,  in  this  connection  may  be  quoted  the  following  pertinent 
excerpt  from  bulletin  225,  dealing  with  the  effect  of  this  very  low 
protein  ration  upon  cows  continuously  fed  therewith  for  a  considerable 
series  of  years,  the  very  cows,  furthermore,  and  the  very  records  that 
are  now  under  consideration. 

"Seven  young  cows,  from  4  to  8  years  old,  were  placed  on  the 
very  low  protein  ration  in  the  fall  of  1914  and  it  was  fed  to  them  for 
two  or  four  lactations.  Two  completed  two,  and  live,  four  lactations. 
Six  of  the  seven  weighed  less  in  the  second  than  the  first  lactation. 
Of  the  five  which  completed  four  lactations  all  weighed  less  than  in 
the  first  lactations  in  both  of  the  later  lactations.  These  five  cows 
were  4,  5,  5,  7  and  8  years  old  when  they  started  in  the  trial.  Three 
certainly  should  have  increased  in  weight  because  of  age.  The  shrink- 
ages in  the  fourth  lactation  as  compared  with  the  first  were  9,  5,  7,  5 
and  3  percents.  The  average  cow,  a  little  less  than  6  years  old  at  the 
outset  and  weighing  850  pounds,  four  years  later  weighed  only  780 
pounds.     The  following  comparison  is  illuminating  in  this  connection : 


No.  of 
cows 


Fed  continuously 


Averagre 

at  first 

outset 


7  Low  protein  ration. ...  4^2 

4  Medium  protein  ration  G^ 

4  High  protein  ration...  7 

4  Very  low  protein  ration  6 — 


Average 

weight 

flrst 

lactation 

792 
951 
963 
850 


Average 
weight 
fourth 

lactation 

898 

1031 

985 

780 


Gain  or 
loss  in 
weight 

+  106 

4-80 
+22 
—70 


"Clearly  the  cows  fed  the  very  low  protein  ration,  which  normally 
should  have  gained  in  weight  had  their  food  intake  permitted  such  gain, 
maintained  their  milk  flows  at  the  sacrifice  of  their  body  weights." 

It  is  further  said,  touching  the  records  of  the  cows  listed  in  the 
lactation  alternation  trials,  to  whom  the  very  low  protein  ration  was 
fed,  likewise  the  same  cows  and  the  same  records  which  are  used  in 
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this  bulletin,  that  "six  cows  fed  the  very  low  ration  during  one  lacta- 
tion without  exception  weighed  less  during  the  next  one  than  they  did 
during  the  first  one,  four  being  fed  the  low  ration  and  two  continued 
on  the  very  low  one.  Two  cows  fed  the  low  ration  during  the  initial 
and  the  very  low  one  during  the  second  lactation,  weighed  less  during 
the  second  than  during  the  first.  Four  were  young  cows,  one  seven 
years  old  and  one  was  aged.  The  only  plus  signs  occur  in  two  cases 
wherein  the  use  of  a  low  ration  followed  that  of  a  low  ration.  In  the 
eight  comparisons  where  the  very  low  ration  was  fed  during  either 
lactation,  the  average  weight  during  the  second  lactation  was  invariably 
lower  than  it  was  during  the  first,  the  average  shrinkage  approximating 
5  percent." 

It  seems  quite  safe  to  assert  that  at  no  time  did  the  cows  fed  the 
very  low  protein  ration  receive  a  ration  sufficient  as  to  its  digestible 
protein  content  to  perform  the  three  functions  of  body  maintenance, 
milk  manufacture  and  foetal  construction.  Consequently  these  records 
will  not  be  further  considered,  except  in  so  far  as  their  digestible  dry 
matter  content  is  concerned. 

3.  Medium  protein  ration.  The  cows  fed  the  medium  digestible 
])rotein  ration  appear  to  have  received  a  sufficiency  of  digestible  pro- 
tein to  enable  them  to  maintain  themselves,  to  yield  an  adequate 
milk  flow  and  to  grow  a  healthy  foetus.  The  plus  sign  is  in  evidence 
everywhere,  except  in  respect  to  Savage's  and  Eckles*  requirements  for 
the  fresh,  non-pregnant  cow,  and  these  shortages  are  only  7  and  4  per- 
cents,  respectively.  This  judgment  is  borne  out  by  the  statements  oc- 
curring in  bulletin  225  as  to  the  live  weights  of  the  cows  fed  the  medium 
protein  ration.  Long  continued  feeding  during  a  succession  of  years 
caused  the  cows  to  increase  in  live  weight  until  their  ninth  year,  to  fall 
off  a  little  in  the  tenth  and  a  little  more  in  the  eleventh  year.  The  con- 
verse of  the  statement  made  under  1  above  (page  167)  as  to  the  losses 
and  gains  in  live  weight  following  changes  from  wide  to  narrow  rations, 
holds  here.  It  seems  reasonably  safe  to  assume  that  the  cows  fed  this 
ration  were  not  stinted  as  to  digestible  protein,  nor,  on  the  contrary, 
greatly  over-supplied,  except  perhaps  when  drying  off  and  giving  less 
than  100  pounds  of  milk. 

4.  Low  protein  ration.  The  cows  fed  the  low  digestible  protein 
ration  may  or  may  not,  according  to  the  stage  of  lactation,  have  eaten  a 
sufficiency  of  digestible  protein  to  enable  them  adequately  to  maintain 
themselves,  to  make  milk  and  to  construct  their  foetuses.  The  four 
propounders  of  the  standards  of  course  would  say  "No"  to  the  ques- 
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tion,  did  the  cows  receive  a  sufficiency  of  digestible  protein,  when  look- 
ing at  the  records  of  the  fresh,  class  A  and  B  cows.  Similarly  with  the 
cows  well  along  in  lactation  and  giving  more  than  10  pounds  of  milk, 
two  would  surely  claim  insufficiency  and  two  a  bare  sufficiency.  The 
minus  sign  is  much  in  evidence  (14 — ,  6+),  and  it  is  a  sinister  sign 
in  this  connection.  Furthermore,  three  of  the  six  pluses  are  little 
fellows.  On  the  whole,  if  one  looks  simply  at  this  battery  of  figures, 
one  necessarily  concludes  that  these  cows,  except  when  in  the  latter 
stages  of  lactation,  were  stinted  in  respect  to  their  digestible  protein 
intake.  Yet  on  the  other  hand,  the  testimony  adduced  in  bulletin  225 
is  quite  conclusive  in  so  far  as  the  cow  continuously  fed  the  low  protein 
ration  is  concerned.  "The  low  protein  ration  carrying  1.5  pounds  of 
digestible  protein  daily  per  1,000-pound  cow  furnished  ample  amounts 
to  enable  the  cows  to  hold  and  increase  their  live  weights.  Indeed,  in 
this  respect,  it  outclassed  its  competitors."  Now  the  cows,  concerning 
which  this  statement  was  made,  are  the  same  cows  and  the  records  are 
the  same  records  that  are  being  used  in  this  connection.  Furthermore, 
the  cows  thus  fed  as  compared  with  those  fed  the  medium  and  high 
protein  rations  gave  almost  or  quite  as  much  milk  and  they  drc^ped 
equally  healthy  calves.  It  would  seem  then  as  if,  the  dicta  of  the  pro- 
pounders  of  standards  to  the  contrary  notwithstanding,  the  cows  them- 
selves declared  that  they  did  not  suffer  materially,  if  at  all,  for  lack  of 
digestible  protein  in  so  far  as  the  maintenance  of  live  weight  was  con- 
cerned or  in  respect  to  the  quantity  or  quality  of  the  milk  flow. 

5.  Since  the  very  low  protein  ration  did  not  maintain  live  weight 
and  the  high  protein  ration  furnished  a  great  surplusage  of  digestible 
protein,  it  would  seem  reasonably  safe  to  assume  that,  so  far  as  diges- 
tible protein  was  concerned,  the  low  or  the  medium  protein  rations  are 
to  be  preferred  to  their  two  competitors,  for  cows  in  all  stages  of  lacta- 
tion. The  data  derived  from  the  trials  in  which  these  two  rations  were 
used  seems  much  more  closely  applicable  to  the  determination  of  the 
question  now  in  hand  than  that  secured  when  either  of  the  other  rations 
were  fed.  Furthermore,  as  between  the  two,  since  the  cows  fed  the 
low  protein  ration  made  almost  as  much  as  did  those  fed  the  medium 
protein  ration  and  at  the  same  time  maintained  their  live  weights  full 
better,  it  would  seem  reasonably  safe  to  assume  that  at  least  it  stood 
nearly  if  not  quite  on  a  parity  with  it. 

Disregarding  classes  D  and  E,  for  obvious  reasons,  the  average 
figures  for  the  low  protein  rations  are :  Haccker  — 1 1 ;  Savage  — 2^  : 
Eckles  — 18;  Armsby  — 11. 
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6.  Speaking  in  extremely  general  terms,  it  would  appear  that 
when  the  very  low  protein  ration  was  fed  the  average  shortage  in  the 
digestible  protein  intake,  according  to  the  highly  variable  standards, 
was  approximately  % ;  that  when  the  low  protein  ration  was  fed  it 
was  %4 ;  when  the  medium  protein  ration  was  fed,  the  surplusage  was 
Ys  ;  and  when  the  high  protein  ration  was  fed  it  was  %. 

digestible  dry  matter 

As  has  been  heretofore  pointed  out,  the  digestible  dry  matter 
figures,  as  between  the  several  rations,  are  much  more  uniform  than 
are  those  of  digestible  protein,  for  the  reason  that  the  latter  was  meant 
to  be  a  mutant  and  the  former  meant  as  nearly  as  possible  to  be  an 
immutant.  In  view  of  the  great  similarity  of  the  figures  as  among 
the  various  rations,  the  treatment  in  the  following  discussion  will  be 
on  the  basis  of  different  classes,  that  is  to  say.  A,  B,  C,  D,  E,  instead 
of  on  the  basis  of  different  rations. 

1.  Class  A,  Fresh  cow,  unserved.  The  58  fresh  cows,  unserved, 
fed  on  the  average  4%  months,  eating  the  very  low,  the  low  and  the 
medium  digestible  protein  rations,  ate  %o  too  \ittit  digestible  dry  matter 
according  to  Haecker  and  to  Savage,  %5  too  much,  according  to 
Eckles,  and  %  too  much  according  to  Armsby,  the  three  averages 
being  almost  absolutely  identical :  ( — 5,  — 5,  — 5 ;  — 6,  — 6,  — 6 ;  -|-4, 
+5, +3; +13, +14, +  14). 

The  26  fresh,  unserved  cows  which  were  fed  for  4%  months  on 
the  high  digestible  protein  ration,  ate  just  enough  digestible  dry  matter, 
according  to  Haecker  and  to  Savage  and  Yio  and  %  too  much  accord- 
ing to  Eckles  and  to  Armsby,  respectively. 

2.  Class  B.  Fresh  cows.  The  85  fresh  cows,  some  of  them  in 
the  early  stages  of  pregnancy,  at  the  close  of  the  record  periods,  fed 
on  the  average  5%  months,  receiving  the  low,  medium  and  high  diges- 
tible protein  rations,  ate  a  shade  more  than  just  enough  digestible  dry 
matter  according  to  Haecker  and  to  Savage,  a  bit  more  than  %  too 
much  acording  to  Eckles  and  nearly  %  too  much  according  to  Armsby, 
the  three  averages  being  closely  identical:  (+3,  +3,  +2;  +2,  +2, 
+1 ;  +13,  +13,  +12;  +23,  +23,  +22). 

The  9  fresh  cows  to  which  the  very  low  digestible  protein  ration 
was  fed  on  the  average  for  5%  months  ate  a  shade  less  than  just 
enough  digestible  dry  matter  according  to  Haecker  and  to  Savage  and 
%  and  Yq  too  much  according  to  Eckles  and  to  Armsby. 
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3.  Class  C.  Non-fresh,  pregnant  cows.  The  44  non-fresh, 
pregnant  cows,  averaging  5%  months  in  milk  at  the  outset  of  the 
record  period  and  more  than  two-thirds  along  in  pregnancy  at  its 
close,  fed  on  the  average  for  about  6  months,  eating  the  low  and  the 
medium  digestible  protein  rations,  ate  %o  niore  digestible  dry  matter 
than  was  needed  according  to  Haecker  and  to  Savage,  %  more  and  ^4 
more  than  was  needed  according,  respectively,  to  Eckles  and  to  Arms- 
by,  the  figures  being  practically  identical:  (+6,  +6;  -\-5,  +5;  +18, 
+17; +27, +27). 

The  26  non-fresh  and  pregnant  cows,  averaging  4%  months  in 
milk  at  the  outset  of  the  record  period  and  almost  two-thirds  at  its 
close,  fed  the  high  digestible  protein  ration,  ate  %  more  digestible  dry 
matter  than  they  needed  according  to  Haecker  and  to  Savage  and 
%  and  %  more  than  they  needed  according  to  Eckles  and  to  Armsby. 

The  records  of  the  three  non-fresh,  non-pregnant  cows  fed  the 
very  low  protein  ration  resemble  closely  the  records  of  the  85  cows 
listed  above  in  Class  B. 

4.  Classes  D  and  £.  Non-fresh,  pregnant  cows  yielding  small 
amounts  of  milk.  The  27  non-fresh  and  pregnant  cows,  averaging  8 
months  in  milk  at  the  outset  of  the  record  period  and  about  two-thirds 
along  along  in  pregnancy  at  its  close,  fed  the  very  low  and  the  medium 
digestible  protein  rations  for  an  average  of  about  4  months,  ate  % 
more  digestible  dry  matter  than  they  needed,  according  to  Haecker  and 
to  Savage,  and  34  and  %  more  than  they  needed  according,  respectively, 
to  Eckles  and  to  Armsby,  the  figures  being  closely  alike:  (+11,  +11, 
+11,  +10;  +11,  +10,  +11,  +11;  +23,  +28,  +19,  +23;  +37, 
+36,  +33,  +33). 

The  43  non-fresh  and  pregnant  cows,  averaging  8  months  in  milk, 
at  the  outset  of  the  record  period  and  about  two-thirds  along  in  preg- 
nancy at  its  close,  fed  the  low  and  high  digestible  protein  rations  for 
an  average  of  nearly  4  months,  ate  %  more  digestible  dry  matter  than 
Haecker  or  Savage  suggest  and  %  and  a  little  less  than  %  more  than 
Eckles  or  Armsby,  respectively,  prescribe,  the  figures  being  reasonably 
close:  (+19,  +21,  +21,  +23;  +19,  +21,  +21,  +23;  +34,  +42, 
+37,  +44;  +44.  +47,  +46,  +50). 

5.  Speaking  in  general  terms,  it  seems  reasonably  clear : 

a.     That  the  cows  when  fresh  at  no  time  failed  to  eat  enough 
or  almost  enough  digestible  dry  matter. 
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b.  That  when  fresh  and  during  the  early  stages  of  pregnancy 
they  ate  a  sufficiency  of  digestible  dry  matter. 

c.  That  when  drying  off  and  giving  10  or  more  pounds  of  milk, 
they  had  a  plentiful  supply  of  digestible  dry  matter. 

d.  That  when  drying  off  and  giving  less  than  10  pounds  of  milk, 
they  received  a  superabundance  of  digestible  dry  matter. 

e.  That  so  far  as  digestible  dry  matter  is  concerned,  it  seems 
probable  that  the  cows,  as  a  whole,  were  fed  on  a  somewhat  higher 
nutritional  plane  than  was  necessary. 

6.  Speaking  in  general  terms,  it  would  appear  that  when,  accord- 
ing to  Haecker  and  to  Savage,  the  average  fresh  cow  ate  standard 
amounts  of  digestible  dry  matter,  she  ate  according  to  Eckles  and  to 
Armsby,  respectively,  approximately  %o  2i"d  %  in  excess  of  standard 
amounts;  and  that  when  the  average  cow  which  was  drying  off  ate 
standard  amounts  of  digestible  dry  matter,  according  to  Haecker  and 
to  Savage,  she  ate,  according  to  Eckles  and  to  Armsby,  respectvely, 
approximately  %  and  %  more  than  standard  amounts. 

Three  hundred  and  seventy  records  are  available  in  this  connec- 
tion, 46  derived  from  the  original  trials  and  324  from  the  protein  ex- 
periments.    They  are  divided  as  follows : 

Maintenance  trials.  Sections  V,  16;  VI,  15;  VII,  5;  VIII  10— 
31  fed  less  than  a  year  (26  in  sections  V-VII,  on  the  average  for  207 
days,  10  in  section  VIII,  for  280  days),  15  fed  more  than  a  year 
(sections  V-VII,  on  the  average  for  493  days).  Fed  low  protein  ration, 
15;  medium  protein  ration,  17;  high  protein  ration,  14. 

Protein  trials.  Fresh,  unserved  cows  84,  average  length  of  record 
period  140  days ;  fresh  cows,  usually  served  before  end  of  period,  94, 
average  length  of  record  period  170  days;  non-fresh,  pregnant  cows 
143,  average  length  of  record  period  150  days;  low  protein  116; 
medium  protein  83 ;  high  protein  96 ;  very  low  protein  29. 

The  cows  were  in  milk  throughout  the  record  periods,  except  in 
the  case  of  the  10  pregnant  cows  whose  records  are  used  in  section 
VIII.  These  latter  records  extended  over  a  nine-month  period  all 
told,  but  while  in  milk  over  a  period  averaging  203  days.  They  can 
be  used  in  this  connection  in  view  of  the  rather  small  draft  made  by 
the  foetus  upon  the  maternal  digestible  nutrient  intake. 

As  has  been  heretofore  pointed  out,  it  is  less  easy  to  deduce  when 
one  is  dealing  with  two  factors,  namely,  maintenance  and  milk,  than 
when  one  is  confronted  by  a  single  one,  namely,  maintenance.  It  has 
seemed  best,  in  attempting  to  formulate  a  final  judgment  as  to  digestible 
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protein,  to  throw  overboard  all  the  results  secured  when  the  high  pro- 
tein and  the  very  low  protein  rations  were  fed,  for  the  reasons  here- 
tofore set  forth.  This  involves  discarding  30  percent  of  the  regular 
data  and  nearly  40  percent  of  the  supplementary  data;  but  there  are 
plenty  of  records  left,  numbering  228.  All  are  available,  however,  in 
this  discussion  of  the  total  digestible  nutrients. 

1.      RELATIONSHIP  BETWEEN  STANDARDS 

As  has  been  heretofore  pointed  out,  speaking  in  general  terms,  the 
four  standards  bear  relationship  to  each  other  about  as  follows,  the 
Haecker  (the  first  proposed — ^though  not  in  its  present  form)  being 
rated  as  100. 
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The  two  conjoined,  as  of  course  occurs  in  practice,  were  related 
on  the  basis  of  the  282  records  as  follows : 
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2.    comparisons  with  the  several  standards 
The  following  table  sets  forth  the  situation  in  succinct  fashion. 
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The  low  protein-fed  cows  ate  sub-standard  amounts  of  digestible 
protein  whether  fresh  or  drying  off  and  in  accordance  with  all  stand- 
ards. The  medium  protein-fed  cows,  when  fresh,  ate  slightly  sub- 
standard amounts  according  to  Savage,  and  standard  or  sliglitly  super- 
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standard  amounts  according  to  Haecker,  Eckles  and  Armsby.  When 
drying,  they  were  overfed  with  digestible  protein  according  to  all 
standards. 

The  thirteen  medium  protein- fed  cows,  whose  records  are  located 
in  sections  V-VII,  were  slightly  underfed  in  respect  to  digestible  dry- 
matter  according  to  Haecker  and  Savage,  but  amply  fed  according  to 
Eckles  and  Armsby.  The  other  groups,  whose  records  are  listed  in 
the  above  table,  ate  standard  or  super-standard  amounts  according  to 
all  standards.  The  outcome,  expressed  in  a  very  rough  approximation 
in  terms  of  fractions,  was  as  follows : 
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With  which  one  of  these  standards,  if  any,  did  the  results  secured 
in  these  trials  most  closely  agree  ? 


DIGESTIBLE   PROTEIN 

The  writer,  as  he  reviews  these  data,  does  not  find  himself  able 
with  certainty  to  declare,  so  far  as  digestible  protein  is  concerned,  in 
favor  of  any  one  standard  to  the  exclusion  of  all  others.  His  conclu- 
sions, stated  a  page  or  two  further  on,  are  tentative.  The  long  con- 
tinued protein  trials,  which  lasted  for  nearly  15  years,  quite  clearly 
demonstrated  that  the  cows  on  the  low  protein  ration  maintained  their 
bodily  status  quite  as  well  and  made  almost  as  much  product  as  did 
those  on  the  medium  protein  ration.  If  then,  1.5  pounds  digestible 
protein  is  enough  for  an  average  milk  cow  of  1,000  pounds  live  weight, 
it  is  quite  clear  that  the  digestible  protein  standard  statements  of 
Haecker  and  Armsby,  coupled  with  their  respective  maintenance  stand- 
ards, aflForded  results  not  materially  higher  than  the  average  usage  as 
shown  in  the  128  low  protein  records,  and  especially  in  those  secured 
in  sections  V  and  VHI,  tables  I,  K,  and,  comprising  45  percent  of  the 
records.     If,  on  the  contrary,  it  is  held  that  2  pounds  digestible  pro- 
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tein  is  necessary  for  an  average  milk  cow  of  1,000  pounds  live  weight — 
it  is  not  so  held  in  bulletin  225r— then  clearly  the  Savage  and  the  Eckles 
digestible  protein  figures,  coupled  with  the  maintenance  data  they  sug- 
gest, more  nearly  approximate  the  results  secured  in  the  100  medium 
protein  records,  than  do  the  Haecker  or  Armsby  figures. 

Thirteen  comparisons  are  available  in  the  table  on  page  175. 
An  8  percent  variation  limit  would  seem  to  be  a  reasonable  one,  equiva- 
lent to  0.12  and  0.15  pounds.  How  many  calculated  results  came 
within  this  limit?  Haecker  7,  Armsby  7,  Savage  5,  Eckles  5.  The 
pluses  and  minuses  are.  Army  5  and  8,  Haecker  5  and  8,  Eckles  7 
and  6,  Savage  10  and  3.  The  averages  may  be  expressed  in  two 
ways,  treating  each  group  in  the  last  table  as  a  unit,  regardless  of  the 
number  of  records  it  contains,  be  it  64  or  3,  the  two  extremes,  and 
treating  each  record  on  a  parity  with  all  records,  according  to  the 
group  containing  64  records  21%  times  the  value  that  is  accorded 
to  that  containing  only  three.  The  averages  differ,  but  the  percentages, 
plus  and  minus,  are  not  far  apart.     The  figures  follow : 
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Low  protein...  1.46  1.57  1.77       1.69      1.55 
Calculation 

±  usage  %.  -t-8      +21      +16       +6 

Medium  protein  1.93  1.73  1.95      1.86      1.97 
Calculation 

±   usage   %.        —10  +1       — 4     —11 

Mean    1.70  1.65  1.86      1.78      1.63 

Calculation 

it   usage   %.  — 3  +9       +5       — 4 


1.48       1.65       1.86       1.78       1.64 

+12      +26      +20      +11 
1.97       1.73       1.96       1.87       1.72 

—12       —1       —5     —13 
1.73       1.69       1.91       1.83       1.68 

—2      +10       +6       —3 


In  the  first  comparison  the  Savage  standard  overruns  20  or  26 
percent  according  to  the  method  of  averaging  adopted;  in  the  latter 
it  is  a  close  approximation  to  the  usage.  In  the  former,  the  Haecker 
and  Armsby  figures  overrun  7  to  12  percent  and  in  the  latter  under- 
run  10  to  13  percent.  In  the  former  the  Eckles  figure  is  16  to  20  per- 
cent in  excess,  in  the  latter  4  to  5  percent  deficient.  If  means  are 
taken,  three  of  the  four  are  within  6  percent  of  usage.  "You  pays 
your  money  and  you  takes  your  choice." 

The  writer,  after  careful  study  of  the  whole  proposition,  is  in- 
clined to  give  it  as  his  final  judgment  that  the  Savage  digestible  protein 
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figures  are  somewhat  overhigh;  that  the  Eckles  (converted)  figures  are 
somewhat  less  so;  that  the  Armsby  (converted)  figures  are  quite  satis- 
factory when  used  with  fresh  cows  and  reasonably  so  in  general ;  and 
that  the  Haecker  (1914  form)  figures  afford  on  the  whole  the  closest 
approximation  to  the  average. 


TOTAL  DIGESTIBLE    NUTRIENTS 

Thirteen  comparisons  are  available.  A  5  percent  variation  limit 
would  seem  to  be  a  reasonable  one,  equivalent  on  a  14  pounds  usage 
basis  to  0.7  pounds.  How  many  calculated  results  came  within  *that 
limit?  Haecker  7,  Savage  7,  Eckles  3,  Armsby  0.  The  pluses  and 
minuses  are:  Haecker  6  and  7;  Savage  6  and  7;  Eckles  0  and  12; 
Armsby  0  and  13.  The  averages,  doubly  stated  as  above  indicated, 
follow : 


Each  record  a  unit 

E^ach  grrou]] 

a  unit 

/■v 

>-N 

^ 

•o 

•o 

■o 

•c 

« 

« 

« 

e 

*j 

•4-t 

■*j 

u 

U    - 

u 

X. 

Ration 

o 

o 

>> 

kles 
(conve 

msby 
(conve 

esj 

1 

kles 
(conve 

z 

Si 

BZ 

s 

ClJ 

S 

S 

^ 

s 

1           & 

& 

< 

Low  protein. . .  14. 

13.4 

13.5 

12.1 

11.2 

14.3 

13.8     13.85 
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Medium  protein  14.5 
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The  Haecker  and  Savage  figures  approximate  the  actual  usage 
more  closely  than  do  the  others,  the  ratios  being  approximately: 
Usage  100,  Savage  98.5,  Haecker  98,  Eckles  89,  Armsby  82.  But  the 
cows  as  a  whole  were  overfed,  they  were  more  than  "maintained," 
they  gained  somewhat  in  weight.  Hence  the  writer  is  not  inclined  to 
adopt  the  Savage  data  or  the  Haecker  figures  for  digestible  dry  matter ; 
yet  on  the  other  hand  he  does  not  feel  like  accepting  the  very  low 
Armsby  figures,  notwithstanding  his  recognition  of  the  latter's  right  to 
express  an  opinion,  based  as  it  is  upon  the  most  accurate  and  pains- 
taking animal  nutritional  investigations  made  in  this  country.  He 
inclines  on  the  whole  toward  the  medial  position  of  Eckles ;  yet  it  should 
be  noted  that  the  latter's  total  digestible  nutrient  figures  seem  somewhat 
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erratic  in  their  lack  of  relationship  to  each  other  as  the  richness  of  the 
milk  increases.  They  seem  to  range  a  little  low  for  milks  with  a  fat 
content  or  less  than  5.5  percent  and  to  be  somewhat  overhigh  for 
milks  ranging  from  5.5  to  6.5  percent  fat. 

3.     live  weights 

Obviously  the  records  of  the  cows  used  in  section  VIII  are  not 
available  in  this  phase  of  the  discussion,  although  thoroughly  service- 
able elsewhere.  There  were  16  cases  of  gain  in  live  weight,  seven  of 
loss  and  six  of  no  change  among  the  cows  in  sections  V-VII,  inclusive, 
seven  records  not  being  available.  The  average  gain  in  the  16  cases 
was  7%  percent,  the  average  loss  in  the  seven  cases  6  percent,  the 
average  gain  in  the  29  cases  in  which  records  exist  is  2.6  percent  (25% 
pounds).  Since  the  average  feeding  period  was  11  months  in  length, 
it  seems  fair  to  conclude  that  the  cows  as  a  whole  were  maintained 
without  material  gain  in  live  weight;  that,  in  other  words,  over  and 
above  their  needs  in  milk  making,  they  were  fed  rations  which  did  not 
cause  large  increase  in  live  weight.  Yet,  on  the  other  hand,  it  is  clear 
that  they  were  slightly  over-maintained. 

So  far  as  the  cows  in  the  protein  trials  are  concerned,  which  con- 
tribute 324  records,  as  a  whole,  when  mature,  they  tended  to  gain  in  live 
weight  as  the  years  advanced  until  they  became  10  years  old.  This  is 
set  forth  in  bulletin  225.  It  seems  fairly  safe  to  assume  that  during 
the  periods  of  bam  feeding,  which  alone  were  used  in  this  connec- 
tion, the  trend  was  slightly  to  increase  in  live  weight,  that,  in  other 
words,  the  cows  were  slightly  overmaintained ;  and  this  regardless  of 
the  ration  fed,  so  be  it  it  was  not  the  very  low  protein  ration. 

This  general  conclusion  is  confirmed  by  reference  to  the  live  weight 
records  of  a  score  of  cows  located  in  the  protein  trials.  These  records 
were  judged  to  be  the  lowest  of  the  324  in  respect  to  the  plane  of 
nutrition — quite  apart  from  the  question  as  to  the  digestible  protein 
content  of  the  ration — ^having  due  regard  to  the  milk  yields.  Thirteen 
records  covered  periods  from  16  to  31  weeks  in  length  and  seven  from 
8  to  14  weeks  in  length.  The  figures  follow.  The  weights  were  made 
on  three  consecutive  days  and  at  four-week  intervals.  The  italicised 
record  indicates  the  first  weight  made  subsequent  to  service. 
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Name 

period 
weeks 

Live  weights  at  successive  4 -week 

periods 

Beatrice 

16 

1064,  1101.  1119.  1087 

Crystal 

31 

849,  835,  852,  87^,  875,  854,  844,  837 

Theta 

30 

750,  759,  736,  758,  756,  756',  767,  784 

Ardelle 

21 

797,  770,  747,  760,  787,  782 

Monetta 

20 

800,  796,  787,  780,  790 

Karah 

17 

847,  810,  817,  832 

Kate 

18 

884,  884,  868,  88^  882 

Monetta 

28 

871,  828,  814,  824,  858,  865,  831 

Sheila 

8 

872,  853 

Laura  B 

11 

830,  824,  806 

Sheila 

8 

825,  804 

Tiaura  B 

7 

872,  870     , 

Angle 

10 

1102,  1095.  1053 

Hester 

32 

882,  902,  930,  823,  905,  900,  932,  946 

Rocket 

32 

1097,  1119,  1107,  1100,  1095,  1119,  1113. 

1132 

Perusia  T-rfidy 

20 

755,  760,  778,  795,  809 

Fyra 

32 

1068,  1105,  1077,  1114,  1117,  1151,  1177, 

1127   (calved) 

Sheila 

12 

838.  863.  873 

Elbaje 

16 

1139,  1184,  1195,  1189 

Lena 

20 

878,  827,  827,  823.  827 

The  cows  whose  record  periods  were  short  had  recently  calved 
and  lost  somewhat  in  live  weight,  as  is  not  at  all  uncommon.  The 
others,  with  perhaps  two  exceptions,  at  least  held  their  own.  Since 
these  20  cows,  fed  on  the  lowest  plane  of  nutrition  of  the  324,  did  not 
lose  in  live  weight,  all  the  more  is  there  reason  to  hold  that  the  herd 
as  a  whole  ate  more  than  a  sufficiency  of  total  digestible  nutrients. 

I 
The  writer  has  repeatedly  studied  these  data.     He  has  taken  up 

the  matter  and  laid  it  down  several  times.  He  has  made  grievous 
errors  in  computation,  discovered  and  corrected  them ;  and  he  fervently 
hopes  that  there  may  be  no  more.  He  has  tired  of  the  whole  proposi- 
tion, has  thrown  it  across  the  room  and  then  has  taken  it  up  again  after 
long  intervals  of  time  and  resurveyed  it  with  a  somewhat  fresher 
mind,  approaching  it  from  a  different  angle.  He  has  formed  tentative 
judgments  on  the  basis  of  partial  data  and  discarded  them.  And 
now,  after  much  experience  of  this  kind,  he  is  fairly  clear  in  his  own 
mind  touching  the  several  standards  for  milk-making,  i.  e.,  including 
maintenance  per  se  and  lactation,  under  review  in  this  section  of  this 
bulletin.     He  is,  therefore,  inclined  to  hold : 

1.  That  the  Haecker  digestible  protein  figures  (1914  form)  arc 
reasonably  satisfactory  and  the  closest  approximation  to  the  results 
secured  in  the  present  trials ;  and  that  his  total  digestible  nutrient  state- 
ments tend  to  run  high. 

2.  That  the  Savage  digestible  protein  figures  tend  to  l>e  too  high. 
and  that  his  total  digeslil)lc  nutrient  statements  likewise  tend  to  be  too 
high. 
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3.  That  the  Eckles  (converted)  digestible  protein  figures  are 
somewhat  overhigh;  and  that  his  total  digestible  nutrient  figures  on 
the  whole  are  reasonably  satisfactory,  although  somewhat  low  for 
milks  with  a  fat  content  of  less  than  5%  percent,  much  too  high  for 
6%  percent  milk,  and  erratic  in  their  lack  of  relationship  to  each 
other  as  milk  increases  in  richness. 

4.  That  the  Armsby  (converted)  digestible  protein  figures  are 
reasonably  satisfactory ;  and  that  his  digestible  dry  matter  figures  are 
too  low. 


The  Vermont  Station  is  not  through  with  its  maintenance  work. 
Further  studies  are  in  hand.  They  are  not  planned  to  last  another  15 
years,  but  may  continue  for  two  or  three  years.  It  is  expected  that 
to  certain  phases  of  this  continued  work  much  of  the  mine  of  data 
accumulated  since  1906  and  not  used  in  the  present  bulletin  will  con- 
tribute. It  seems  probable  that,  as  a  result,  some  concrete  expression 
may  be  made  looking  toward  the  revision  of  or  the  extension  of  our 
present  feeding  standards. 
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CONCLUSIONS 

It  seems  desirable  to  gather  under  one  head  the  essential  findings 
as  set  forth  in  sections  IP  to  VIII  and  to  express  the  same,  so  far 
as  may  be,  in  the  form  of  generalizations. 

Section  IL    Maintenance 

Twenty  cows  were  fed  for  from  391  to  2,701  days.  The  records 
are  complete  in  all  respects  for  six  and  incomplete  for  14  cows. 

Six  mature  cows  were  fed  somewhat  variable  rations  on  the  aver- 
age for  14  months,  rations  which  averaged  to  carry  %  to  ^/^  more 
digestible  protein  and  from  0  to  %  less  total  digestible  nutrients  than 

« 

standards  indicate.  All  the  cows  gained  in  live  weight  from  3  to  11 
percent  and  remained  in  good  health  for  from  two  to  five  years  after- 
wards. 

Ten  mature  cows  underfed  for  two  to  four  years,  as  judged  by 
standards,  the  deficiencies  ranging  from  0  to  %  in  total  digestible 
nutrients,  seemed  in  nowise  to  suffer  as  a  result. . 

Four  well-fed  or  over-fed  cows  either  aborted  or,  later,  proved 
barren.  This,  however,  is  not  necessarily  to  be  deemed  cause  and 
effect. 

The  writer  is  inclined  to  feel,  as  a  result  of  his  careful  study  of 
these  data  that  the  Haecker,  Savage,  modified  WolflF-Lehmann  and 
Woll-Humphrey  standards  for  maintenance  (0.7  pounds  digestible  pro- 
tein, 7.93  pounds  total  digestible  nutrients)  are  over-statements;  and 
that  the  Armsby  and  Eckles  standards  in  the  form  as  stated  (0.5 
pounds  digestible  true  protein,  6  therms  energy)  or  as  "converted" 
(0.595  pounds  digestible  crude  protein,  6.48  pounds  total  digestible 
nutrients)  provide  a  sufficiency  of  digestible  protein  and  total  digest- 
ible nutrients  for  the  maintenance  of  1,000-pound  dry,  non-pregnant 
cows. 

Sections  III  and  IV.     Maintenance  and  Fcetal  Construction 

Fourteen  records  are  available  for  the  study  of  the  food  cost  of 
foetal  construction.  Seven  cows  calved  normally  and  seven  aborted. 
The  evidence  is  clear  that  foetal  construction  makes  little  or  no  draft 
upon  the  non-nitrogenous  nutrient  intake  of  the  mother  but  a  small 
but  noticeable  draft  upon  her  digestible  protein  intake,  equivalent  to  a 


^  Section  I  is  too  incomplete  to  admit  of  use,  only  one  valid  record  being  secured. 
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daily  usage  of  from  O.OS  to  0.1  pounds  which  may  amount  to  upwards 
of  10  percent  of  the  entire  protein  intake  extending  over  the  entire 
gestation  period,  very  much  the  larger  part  of  which  of  course  occurs 
during  the  latter  part  of  gestation. 

Sections  V,  VI,  VII,  IX.     Maintenance  and  Lactation 

Eighty-one  cows  and  370  records  contribute  to  the  study  of  the 
maintenance  needs  of  cows  in  milk.  A  score  of  animals  were  used  in 
the  maintenance  trials  as  such  and  their  46  records  are  listed  in 
Sections  V,  VI  and  VII;  and  threescore  were  enlisted  in  the  protein 
trials  discussed  in  bulletin  225,  furnishing  324  records  applicable  to 
the  present  purpose.  The  very  volume  of  the  data  is  impressive.  Its 
careful  survey  leads  the  writer  to  feel : 

1.  That  the  very  low  protein  ration  was  inadequate  in  respect  to 
its  digestible  protein  content,  insufficient  to  enable  the  cow  to  make  a 
full  milk  yield,  to  drop  a  full-sized  calf  and  to  maintain  her  full  live 
weight ;  that  the  high  protein  ration  furnished  a  surplusage  of  digestible 
protein  which  conduced  neither  to  materially  greater  milk  flow  nor 
augmented  live  weight;  and  that  the  low  protein  ration  as  fed  fur- 
nished a  sufficiency  of  digestible  protein  and  digestible  dry  matter  for 
all  bodily  needs. 

2.  That  the  cows  as  a  whole  were  fed  on  an  overhigh  plane  of 
nutrition. 

3.  In  respect  to  the  applicability  of  current  feeding  standards : 

(a)  That  the  Haecker  digestible  protein  figures  (1914  form)  are 
reasonably  satisfactory  and  the  closest  approximation  to  the  results 
secured  in  the  present  trials ;  and  that  his  total  digestible  nutrient  state- 
mens  tend  to  run  high. 

(b)  That  the  Savage  digestible  protein  figures  tend  to  be  too  high, 
and  that  his  total  digestible  nutrient  statements  likewise  tend  to  be  too 
high. 

(c)  That  the  Eckles  (converted)  digestible  protein  figures  are 
somewhat  overhigh;  and  that  his  total  digestible  nutrient  figures  on 
the  whole  are  reasonably  satisfactory,  although  somewhat  low  for 
milks  with  a  fat  content  of  less  than  5%  percent,  much  too  high  for 
6%  percent  milk,  and  erratic  in  their  lack  of  relationship  to  each 
other  as  milk  increases  in  richness. 

(d)  That  the  Armsby  (converted)  digestible  protein  figures  are 
reasonably  satisfactory;  and  that  his  digestible  dry  matter  figures  are 
too  low. 
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Section  VIII.     Maintenance,  Milk  Making  and  Fcetal 

Construction 

The  introduction  of  three  factors  into  the  computation  increases 
the  difficulty  of  deduction.  However,  it  seems  with  the  data  in  hand 
reasonably  safe  to  reaffirm  the  statement  made  above  in  connection 
with  Sections  III  and  IV  as  to  the  nature  and  extent  of  the  draft  made 
upon  the  nutrient  intake  by  the  foetus.  The  cows  fed  plenty,  e.  g., 
Durtje,  Hazel  K.  (first  trial)  as  well  as  those  fed  less  bountifully,  e.  g., 
Bontje,  seem  to  have  done  equally  well.  They  all  dropped  healthy,  vig- 
orous, and  some  of  them  relatively  heavy,  calves,  made  fair  milk  yields 
and  maintained  satisfactory  body  status.  It  would  seem  safe  to  conclude 
that  during  the  first  two-thirds  of  gestation,  a  ration  furnishing  stand- 
ard amounts  of  the  several  nutrients  for  purposes  of  maintenance  and 
milk  only  should  serve  the  third  purpose,  that  is  to  say  the  early  stages 
of  fcetal  construction ;  and  that  during  the  last  third  of  the  gestation, 
when  almost  invariably  only  a  small  amount  of  milk  is  being  made  or 
none  whatever,  according  to  the  amount  made,  there  should  be  fed  a 
maintenance  ration  plus  the  amount  needed  for  milk  making  and  plus 
the  equivalent  of,  perhaps,  twice  the  total  digestible  nutrient  content 
of  the  newborn  calf,  care  being  taken  to  see  to  it  that  this  increment 
contains  a  sufficiency  of  digestible  protein  upon  which  ingredient  the 
foetus  makes  an  especial  draft.  All  of  which,  "being  interpreted" 
means,  do  not  forget  the  call  of  the  unborn  calf ;  and  feed  a  little  more 
liberally  than  is  needed  to  maintain  the  mother. 

APPENDIX 

The  condensation  of  the  tables  in  Sections  V  to  VIII,  inclusive, 
preclude  the  usual  full  statement  as  to  the  nutrient  intakes  given  in 
Sections  I-IV,  inclusive.  However,  all  the  material  is  there  so  that 
one  who  wishes  may  calculate  for  himself — except  the  total  dry 
matter.  Full  milk  analyses  were  made  continually.  It  seems  worth 
while  placing  these  data  also  on  record  as  of  possible  use.  Hence  the 
following  tabular  matter  sets  forth  the  material  which  does  not 
appear  in  the  main  tables  or  which  may  not  be  computed  from  the  data 
there  given.  Of  course  it  is  understood  that  "total  digestible  nutrients" 
includes  the  "ether  extract"  X  2i/t  and  that  the  figure  is  closely 
similar  to,  though  not  always  identical  with,  "digestible  dry  matter." 
No  attempt  is  made  to  calculate  to  the  1,000  pounds  live  weight  basis 
since  this  may  be  done  by  any  one  who  is  interested,  using  the  data  pre- 
sented herewith  and  in  the  main  part  of  the  bulletin. 
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I.      NUTBIENT    INTAKES,    SECTIONS    I-VIH 


Digestible  nutrients 

Total 

Digestible 

Nitrogen- 

dry 

dry 

Crude 

Crude 

Crude 

free 

Ether 

matter 

matter 

ash 

protein 

fiber 

extract 

extract 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

I.    1. 

17.10 

10.78 

0.41 

1.16 

2.80 

5.79 

0.37 

'                  2. 

15.18 

9.91 

0.41 

1.33 

2.35 

5.29 

0.36 

3. 

20.29 

13.08 

0.53 

1.30 

3.13 

7.45 

0.50 

II.     1. 

13.15 

8.52 

0.32 

1.15 

1.86 

4.72 

0.30 

2. 

13.85 

8.7 

0.40 

0.88 

2.19 

4.89 

0.28 

3. 

11.7 

7.56 

0.29 

1.25 

1.62 

3.97 

0.29 

4. 

10.63 

6.76 

0.25 

0.70 

1.54 

3.97 

0.22 

5. 

9.58 

6.15 

0.23 

0.97 

1.41 

3.20 

0.22 

G. 

10.75 

6.89 

0.26 

0.85 

1.56 

3.85 

0.22 

7. 

7.38 

4.79 

0.19 

0.64 

1.08 

2.52 

0.17 

8. 

7.62 

4.72 

0.18 

0.47 

1.06 

2.81 

0.16 

9. 

10.70 

6.98 

0.27 

0.68 

1.69 

4.04 

0.22 

10. 

9.58 

6.10 

0.25 

0.71 

1.60 

3.37 

0.19 

11. 

9.32 

6.00 

0.24 

0.77 

1.37 

3.36 

0.19 

12. 

9.42 

5.11 

0.20 

0.67 

1.39 

2.61 

0.16 

13. 

9.82 

6.39 

0.25 

0.94 

1.56 

3.27 

0.25 

14. 

9.18 

5.91 

0.24 

0.82 

1.44 

3.13 

0.22 

15. 

11.73 

7.61 

0.31 

0.88 

1.89 

4.17 

0.25 

16. 

8.88 

5.58 

0.23 

0.51 

1.38 

3.23 

0.19 

17. 

9.52 

6.10 

0.25 

0.73 

1.46 

3.37 

0.21 

18. 

15.78 

10.28 

0.40 

1.30 

2.24 

5.79 

0.39 

19. 

15.92 

10.22 

0.40 

1.13 

2.28 

5.94 

0.36 

20. 

9.18 

5.82 

0.23 

0.58 

1.39 

3.35 

0.19 

Average 

10.68 

6.80 

0.27 

0.83 

1.59 

3.79 

0.23 

Three  grade  Holsteins 

12.90 

8.26 

0.34 

1.10 

1.89 

4.53 

0.29 

Three  grade  and  registered  Ayrshires 

8.71 

5.57 

0.22 

0.64 

1.32 

3.08 

0.18 

Fourteen  grade  Jerseys 

10.62 

6.76 

0.26 

0.81 

1.59 

3.77 

0.23 

III.  1. 

11.65 

7.45 

0.28 

0.73 

1.78 

4.28 

0.24 

2. 

12.67 

8.28 

0.34 

1.33 

1.80 

4.26 

0.33 

3. 

9.92 

6.37 

0.27 

0.66 

1.45 

3.72 

0.23 

4. 

6.40 

4.20 

0.19 

0.73 

0.94 

2.07 

0.17 

5. 

6.80 

4.40 

0.21 

0.47 

1.10 

2.40 

0.18 

6. 

9.68 

6.30 

0.23 

0.97 

1.44 

•3.37 

0.24 

7. 

20.22 

13.12 

0.58 

2.07 

3.21 

6.44 

0.61 

Average 

11.15 

7.17 

0.30 

1.00 

1.67 

3.80 

0.29 

Two  grade  Holsteins 

12.16 

7.84 

0.31 

1.03 

1.79 

4.26 

0.29 

Five  grade  Jerseys 

10.69 

6.90 

0.30 

0.98 

1.63 

3.61 

0.29 

IV.    1. 

11.38 

7.35 

0.32 

0.95 

1.65 

4.05 

0.24 

2. 

.  18.68 

11.90 

0.44 

1.52 

2.70 

6.65 

0.38 

3. 

7.58 

4.82 

0.22 

0.68 

1.05 

2.62 

0.17 

4. 

6.58 

4.30 

0.15 

0.G6 

0.93 

2.28 

0.14 

5. 

9.58 

6.18 

0.23 

0.73 

1.48 

3.37 

0.22 

6. 

10.70 

G.95 

0.30 

1.10 

1.69 

3.46 

0.32 

7. 
Average 

18.08 

11.68 

0.43 

1.48 

2.64 

6.50 

0.36 

11.80 

7.53 

0.30 

1.01 

1.74 

4.09 

0.26 

Two  grade  Holsteins 

15.03 

9.53 

0.38 

1.24 

2.18 

5.25 

0.31 

Five  grade  Jerseys 

10.50 

6.74 

0.27 

0.92 

1.56 

3.63 

0.24 
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O 
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Digestible  nutrients 

%4 

4) 

1 

B 

*i 

9 

ible  dry 
ter 

1 

Li 

.o 

«3 

en -free 
act 

m 
2 
o 

CO 

"3 

■a 
c 
d 

»4 

9 

1 

■a 

•3 

»4 

2 

itrog 
extr 

6 

3 

o 

a 

c 

"3 

3 

X 

H 

Q 

O 

O 

u 

Zi 

« 

H 

h 

o 

1 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

V.     1. 

I 

26.67 

17.10 

0.61 

2.55 

3.70 

9.54 

0.59 

35. 

4.30 

1.17 

1.04 

1,87 

0.26 

2. 

I 

32.11 

20.77 

0.76 

2.09 

4.38 

12.59 

0.73 

34.6 

4.07 

1.12 

1.01 

1.66 

0.27 

3. 

I 

20.05 

13.28 

0.48 

1.53 

2.73 

7.89 

0.50 

25. 

2.75 

0.69 

0.61 

1.24 

0.18 

4. 

I 

29.15 

18.81 

0.80 

3.33 

4.12 

9.72 

0.79 

31.8 

3.88 

1.08 

0.97 

1.67 

0.23 

5. 

III 

24.78 

15.85 

0.62 

1.55 

3.77 

9.23 

0.48 

14.4 

2.10 

0.74 

0.56 

0.67 

0.12 

6. 

II 

23.47 

15.23 

0.62 

1.67 

3.40 

8.65 

0.59 

19.6 

2.96 

1.06 

0.76 

0.99 

0.15 

7. 

II 

21.43 

13.98 

0.50 

1.56 

2.86 

8.32 

0.53 

24.3 

3.42 

1.13 

0.88 

1.24 

0.18 

8. 

III 

18.89 

12.33 

0.48 

2.02 

2.71 

6.33 

0.48 

12.16  1.85 

0.68 

0.49 

0.58 

0.10 

9. 

II 

24.29 

16.10 

0.62 

2.60 

3.55 

8.25 

0.70 

25. 

3.58 

1.21 

0.93 

1.22 

0.19 

10. 

III 

23.40 

15.00 

0.60 

1.82 

3.57 

8.22 

0.53 

10.55 

1.70 

0.67 

0.46 

0.48 

o.os 

11. 

II 

22.62 

14.87 

0.50 

2.12 

3.13 

8.21 

0.50 

20.1 

3.00 

1.09 

0.78 

0.97 

0.16 

12. 

III 

22.90 

14.88 

0.56 

1.58 

3.30 

8.38 

0.65 

16.8 

2.34 

0.69 

0.63 

0.88 

0.13 

13. 

III 

16.47 

10.58 

0.42 

1.41 

2.45 

5.76 

0.45 

12.25 

1.40 

0.42 

0.35 

0.55 

0.09 

14. 

III 

19.13 

12.70 

0.44 

2.03 

2.68 

6.57 

0.63 

12.45 

1.86 

0.66 

0.49 

0.61 

O.IO 

15. 

II 

20.94 

13.78 

0.60 

1.95 

3.52 

7.15 

0.52 

10.45 

1.44 

0.50 

0.39 

0.48 

0.07 

16. 

III 

17.56 

11.30 

0.46 

1.79 

2.74 

5.71 

0.46 

8.05 

1.16 

0.41 

0.31 

0.39 

0.06 

Average 

22.74 

14.82 

0.57 

1.98 

3.29 

8.16 

0.56 

19.5 

2.61 

0.83 

0.66 

0.96 

0.14 

Group  I 

27. 

17.50 

0.66 

2.38 

3.73 

9.94 

0.65 

31.6 

3.75 

1.02 

0.89 

1.58 

0.23 

Group  II 

22.55 

14.80 

0.57 

1.98 

3.29 

8.12 

0.57 

19.9 

2.88 

0.99 

0.75 

0.99 

0.15 

Group  III 

20.45 

13.25 

0.51 

1.74 

3.03 

7.17 

0.51 

12.4 

1.77 

0.61 

0.47 

0.59 

0.10 

VI.    1. 

29.13 

18.65 

0.75 

2.38 

4.90 

10.16 

0.55 

22.45 

2.75 

0.78 

0.68 

1.14 

o.i: 

2. 

21.43 

13.77 

0.51 

1.73 

3.30 

7.54 

0.55 

14.9 

1.73 

0.51 

0.42 

0.72 

0.10 

3. 

30.49 

19.78 

0.80 

2.13 

4.15 

11.89 

0.72 

30.1 

3.54 

1.03 

0.87 

1.44 

0.21 

4. 

II 

23.28 

15. 

0.55 

1.63 

3.22 

8.93 

0.64 

24. 

2.86 

0.82 

0.69 

1.18 

0.17 

5. 

31.46 

20.22 

0.79 

3.18 

4.61 

10.56 

0.76 

27.1 

3.23 

0.90 

0.86 

1.25 

0.21 

6. 

21.20 

13.50 

0.49 

1.93 

2.91 

7.46 

0.63 

16.45 

2.54 

0.99 

0.65 

0.80 

0.13 

7. 

17.36 

11.38 

0.40 

1.93 

2.27 

6.01 

0.49 

16.65 

2.12 

0.63 

0.54 

0.81 

0.11 

8. 

17.12 

11.28 

0.39 

1.23 

2.42 

6.65 

0.41 

13.7 

2.12 

0.82 

0.52 

0.65 

0.11 

9. 

16.13 

10.48 

0.38 

1.42 

2.33 

5.76 

0.42 

13.3 

1.91 

0.69 

0.49 

0.63 

O.IO 

10. 

21.25 

13.45 

0.56 

1.40 

2.94 

7.95 

0.53 

9.55 

1.44 

0.52 

0.33 

0.48 

O.08 

11. 

18.73 

12.12 

0.45 

1.92 

2.74 

6.44 

0.40 

13. 

1.88 

0.66 

0.47 

0.64 

o.m 

12. 

18.59 

12.00 

0.46 

1.91 

2.69 

6.53 

0.43 

13.7 

2.16 

0.79 

0.55 

0.74 

0.11 

13. 

19.52 

12.42 

0.47 

1.50 

2.94 

7.13 

0.34 

12.45 

1.88 

0.71 

0.48 

0.62 

U.09 

14. 

17.67 

11.38 

0.42 

1.45 

2.58 

6.48 

0.33 

12.3 

1.83 

0.68 

0.46 

0.59 

O.IO 

15. 

20.45 

13.04 

0.49 

1.33 

2.93 

7.87 

0.41 

15.8 

2.38 

0.85 

0.59 

0.82 

0.13 

Average 

21.59 

13.91 

0.53 

1.81 

3.13 

7.83 

0.51 

17.06 

2.29 

0.76 

0.58 

0.84 

O.li 

Group  I 

28.13 

18.11 

0.71 

2.36 

4.24 

10.04 

0.65 

23.65 

2.81 

0.81 

0.71 

1.14 

0.17 

Group  II 

23.28 

15. 

0.55 

1.63 

3.22 

8.93 

0.54 

23.7 

2.86 

0.82 

0.69 

1.18 

0.17 

Group  III 

18.80 

12.11 

0.45 

1.60 

2.68 

6.83 

0.44 

13.69 

2.03 

0.72 

0.51 

0.68 

0.11 

VII.  1. 

29.10 

18.60 

0.72 

2.61 

4.81 

9.85 

0.54 

31.85 

3.81 

1.09 

0.93 

1.54 

0.22 

2. 

21.59 

13.97 

0.54 

2.01 

3.01 

7.64 

0.55 

23.5 

3.35 

1.24 

0.82 

1.16 

0.16 

3. 

21.38 

14.05 

0.52 

2.25 

3.05 

7.42 

0.57 

15.75 

2.22 

0.79 

0.58 

0.76 

0.11 

4. 

22.71 

14.65 

0.59 

2.4 

3.45 

7.43 

0.62 

17.1 

2.40* 

0.85* 

0.60* 

0.82» 

0.13* 

6. 

1 

18.50 

11.85 

0.45 

1.43 

2.79 

6.77 

0.32 

11.4 

1.77» 

0.68* 

0.44*  0.66*  0.09* 

Average  four  grade  Jerseys  and  one  grade  Hol stein 

22.65     14.63     0.56     2.14     3.42     7.82     0.56 

Average  four  grade  Jerseys 

21.05     13.63     0.52     2.02     3.08     7.32     0.52 


19.9     2.71     0.93    0.67   0.97   0.14 
16.9     2.44     0.89    0.61    0.82   0.12 


•Hypotbptloal — no  finalyRPS  made. 
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§ 
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Digestible  nutrients          { 

(4 

0 
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B 

•0 

s 

u 

0 

2 

1 

m 

1 
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•0 
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0 

Igestible 
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•a 
g 
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g 

itrogen-f 
extract 

H 

1 
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3 
0 

t3 

•0 

3 

1 

=3 

H 

1     « 

0 

0 

0 

1  z 

» 

1               ^ 

H 

fo 

0 

S 

VIII. 


1. 
2. 
3. 
4. 
5. 
G. 
7. 
8. 
9. 
10. 


lbs.        lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs.  lbs. 

26.84  17.2  0.73  2.29  4.08  9.23  0.54  18.25  2.31  0.67  0.60  0.91  0.14 

25.04  16.24  0.61  2.22  3.53  9.00  0.57  20.3  2.36  0.66  0.61  0.96  0.14 

17.19  11.15  0.40  1.06  2.79  6.28  0.35  8.35  1.04  0.31  0.28  0.39  0.06 

17.33  11.47  0.38  1.37  1.99  7.17  0.39  10.45  1.22  0.34  0.30  0.51  0.07 

21.57  13.73  0.51  1.91  3.39  7.25  0.47  4.95  0.60  0.17  0.17  0.22  0.04 

18.92  12.18  0.48  1.28  2.93  6.86  0.39       6.9  1.01  0.36  0.28  0.31  0.05 

20.35  13.28  0.50  1.46  2.88  7.69  0.48  12.8  1.77  0.65  0.46  0.59  0.09 

22.49  14.4  0.60  2.16  3.45  7.45  0.53  10.85  1.80  0.67  0.50  0.51  0.09 

22.48  15.00  0.65  1.95  3.58  8.10  0.49  11.2  1.81  0.70  0.49  0.54  0.09 

19.42  12.68  0.48  1.69  2.79  7.03  0.44       8.8  1.24  0.49  0.35  0.36  0.06 


Average            21.16 

13.74 

0.54 

1.75 

3.15 

7.61 

0.47 

11.21 

1.52 

0.50 

0.41 

0.53 

0.09 

Five  grade  Holstein 

21.59 

13.95 

0.53 

1.73 

3.16 

7.79 

0.46 

12.44 

1.51 

0.43 

0.39 

0.60 

0.09 

Five  grade  Jerseys 

20.73 

13.53 

0.54 

1.77 

3.13 

7.43 

0.47 

9.98 

1.53 

0.57 

0.42 

0.46 

0.08 
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II.      TOTAL  DRY    MATTER  INTAKES!    MILK   ANALYSES,    SECTIONS   V-VIII 


s 

Total  dry 

matter  in  food 

Milk 

Total    solids 

4J 

Casein   and 
albumin 

Milk  sugar 

Ash 

Weeks 

Total  dry 

matter  in  food 

Milk 

Total    solids 

Pat 

Casein   and 
albumin 

u 
a 
be 
3 
as 

1 

< 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

V 

.  1. 

V.  8. 

8 

25.9 

35.4 

4.53 

1.20 

1.09 

2.04 

0.27 

4 

27.2 

16.5 

2.58 

0.98 

0.72 

0.82 

0.14 

3 

27.4 

33.8 

3.94 

1.07 

0.92 

1.78 

0.23 

5 

22.6 

13.4 

2.16 

0.79 

0.59 

0.67 

0.12 

V 

.  2. 

1 

21.1 

11.7 

1.77 

0.66 

0.60 

0.53 

O.lH 

1 

27.2 

26.1 

2.93 

0.77 

0.76 

1.29 

0.19 

5 

17.6 

10.5 

1.61 

0.60 

0.46 

0.48 

0.09 

2 

31.4 

36. 

4.30 

1.15 

1.07 

1.79 

0.27 

1 

16.8 

9.6 

1.51 

0.59 

0.40 

0.44 

o.o: 

12 

33.4 

35.7 

4.21 

1.14 

1.06 

1.74 

0.28 

5 

16.2 

9.1 

1.45 

0.66 

0.39 

0.44 

O.J'T 

7 

34.6 

34. 

4.10 

1.15 

1.04 

1.71 

0.25 

1 

15.8 

8.6 

1.36 

0.52 

0.37 

0.42 

o.ft: 
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•Three  days  only.     tSlx  days  only. 
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BULLETIN   227:     MARKETING    VERMONT    MAPLE-SAP 

PRODUCTS ' 

By  a.  W.  McKay 

The  Vermont  Maple  Sugar  Makers'  Association,  at  its  28th  annual  meet- 
ing in  January,  1921,  appointed  a  committee  to  study  the  marketing  of  maple 
products.  It  held  several  conferences  with  Vermont  Extension  Service  offi- 
cials and,  as  a  result,  representatives  of  the  Bureau  of  Markets  and  Crop 
Estimates  of  the  United  States  Department  of  Agriculture  spent  about  two 
months  in  Vermont  and  vicinity  last  fall  studying  the  entire  proposition. 
The  author  of  this  bulletin,  Mr.  Andrew  W.  McKay,  who  made  the  major 
part  of  the  investigation,  presented  his  findings  at  the  29th  annual  meeting 
of  the  Association  in  January,  1922,  and  at  several  times  was  in  council 
with  its  committee.  As  a  result,  and  largely  based  upon  the  presentation 
made  in  this  bulletin,  the  Vermont  Maple  Products  Cooperative  Exchange, 
Inc.,  has  been  formed  and  is  now  functioning. 

Several  of  the  officials  of  the  Vermont  Extension  Service  were  of  much 
assistance  to  Mr.  McKay  in  an  advisory  way. 

The  Station  appreciates  and  acknowledges  the  courtesy  of  the  officials 
of  the  United  States  Department  of  Agriculture,  Bureau  of  Markets  and 
Crop  Estimates,  in  permitting  it  to  publish  this  valuable  material. 

J.  L.  Hills,  Director. 


INTRODUCTION 

The  demand  for  pure  maple  syrup  and  maple  sugar  is  gradually 
diminishing.  The  new  generation  of  consumers  is  reasonably  well 
satisfied  with  the  various  forms  of  blended  or  compounded  syrups  now 
on  the  market.  The  demand  for  pure  maple  syrup,  at  the  present 
time,  is  confined  largely  to  residents,  or  former  residents  of  maple-sap 
producing  sections.  Consumers  of  this  class  have  been  accustomed  to 
maple-sap  products  since  childhood,  and  in  consequence  they  prefer  a 
pure  maple  product.  However,  if  pure  maple  syrup  or  sugar  of  good 
quality  can  not  be  obtained  at  a  price  which  they  consider  reasonable, 
they  will  often  accept  a  high  class  blended  syrup  with  maple  flavor. 

The  large  mass  of  the  people,  especially  those  foreign  born,  or  of 
foreign-born  parentage,  have  had  no  opportunity  to  cultivate  a  taste 
for  maple-sap  products  in  childhood.  Consequently  a  distinctive  maple 
flavor  makes  no  special  appeal  to  them.  They  are  interested  in  quality, 
considered  apart  from  any  particular  flavor,  but  most  of  all  in  price. 
They  will  not  buy  pure  maple  syrup  at  a  price  appreciably  greater  than 
that  asked  for  corn,  cane,  or  blended  syrups. 

As  a  result  of  this  condition,  a  large  proportion  of  the  output  of 
maple-sap  products  is  being  sold  each  year  for  flavoring  purposes. 
Prices  paid  for  maple  sugar  and  syrup  used  for  flavoring  have  gen- 
erally been  below  what  the  producers  consider  a  fair  return  for  their 


*  The  survey  on  which  the  seotion  regrardini?  retailingr  methods  is  based  (padres 
32-35)  was  made  by  R.  H.  Elsworth,  Bureau  of  Marlcets  and  Crop  EsUmates,  United 
States  Department  of  Agriculture. 
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labor,  and  the  capital  invested.  The  Vermont  producers,  in  coninion 
with  those  of  other  states,  believe  that  the  widespread  use  of  maple- 
sap  products  in  the  manufacture  of  blended  syrups  is  detrimental  to 
the  best  interests  of  the  industry  on  account  of  the  fact  that  it  makes 
possible  the  production  of  a  product  which  is  in  direct  competition 
with  pure  maple  syrup.  Accordingly,  they  have  recently  organized  a 
cooperative  marketing  association*  for  the  purpose  of  developing 
markets  and  stimulating  the  demand  for  pure  maple  syrup  and  sugar. 
The  purpose  of  this  bulletin  is  to  discuss  the  problems  and  diffi- 
culties involved  in  this  undertaking,  and  the  methods  which  seem  most 
likely  to  lead  to  their  successful  solution. 

Early  History 

There  is  very  little  information  with  regard  to  the  beginnings  of 
the  maple-sugar  industry  in  Vermont.  Some  historians  report  that 
sugar  was  made  by  the  Indians  from  the  sap  of  the  sugar  maple  before 
the  arrival  of  the  white  man.  However,  it  is  extremely  doubtful  if 
the  Indians  actually  reduced  the  sap  to  the  form  of  crystallized  sugar. 
In  this  connection  a  Vermont  writer*  states : 

"Moreover,  when  the  white  race  entered  Canada,  sugar  was  quoted  on 
the  European  markets  at  prices  around  fifteen  doUars  a  pound.  The  main 
object  of  the  French  people  in  coming  to  Canada  was  to  trade  with  the 
Indians.  Now,  had  maple  sugar  been  known  among  the  Indians,  it  seems 
strange  that  it  was  not  enumerated  among  the  articles  of  trade  with  those 
people.  Instead,  there  is  no  mention  made  of  it  in  any  of  the  writings  of 
the  early  explorers  for  upwards  of  one  hundred  years  after  trade  relations 
had  become  established." 

According  to  the  same  writer,  the  first  mention  of  maple  sugar  in 
New  England  was  in  1720,  when  a  short  description  of  the  process  of 
manufacture  was  published  in  the  "Philosophical  Transactions  of  the 
Royal  Society."  Undoubtedly,  maple  sugar  at  that  time  was  produced 
only  for  home  use.  By  1790,  however,  it  was  locally  at  least  an  article 
of  commerce.  In  1792  there  was  published  at  Philadelphia  an  account 
of  the  sugar-maple  tree  of  the  United  States.'  The  material  contained 
in  this  publication  was  originally  prepared  as  a  letter  to  Thomas  Jeffer- 
son, then  Secretary  of  State,  and  was  read  at  a  meeting  of  the  Ameri- 
can Philosophical  Society,  August  19,  1791.  The  author  quotes  the 
following  from  the  Albany  Gazette,  which  shows  that  considerable 
quantities  of  maple  sugar  were  then  sold  in  certain  sections. 


'  The  Vermont  Maple  Products  Cooperntive  Ebcchanpe,  Inc.,  was  orflranixed  in 
March,  1922.  with  headquarters  at  Essex  Junction.  Vt.  In  New  York  State,  the 
Maple  Producers'  Cooperative  Association  was  recently  orgranized,  with  headquarters 
at  Syracuse. 

•Ormsbee.  C.  O. :     Vt.  Su^ar  Makers'  Assoc.  Rpt.  24.  pp.  21-22   (1917). 

■  An  account  of  Sugar-Maple  Tree  of  the  United  States'*  by  Benjamin  Hush. 
M.  D.     R.  Aitl^en  &  Son,  Philadelphia.  1792. 
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"Received  Cooper's  Town,  April  30th,  1790,  of  William  Cooper,  fifteen 
pounds,  for  six  hundred  and  forty  pounds  of  sugar  made  with  my  own  hands, 
without  any  assistance,  in  less  than  four  weeks,  besides  attending  to  the 
other  business  of  my  farm,  as  providing  fire  wood,  taking  care  of  the  cattle, 
etc.    John  Nicholls,  Witness  R.  Smith." 

At  that  time  the  author  estimated  it  was  possible  to  produce 
135,000,000  pounds  of  maple  sugar  annually  in  the  United  States  valued 
**at  6/90  of  a  dollar  per  pound,"  of  which  $8,000,000  worth  could  be 
consumed  at  home,  and  $1,000,000  worth  exported.  It  is  interesting 
to  note  also  that,  although  the  equipment  described  is  very  crude,  many 
modern  practices  in  gathering  and  processing  the  sap  were  recom- 
mended by  Dr.  Rush  over  130  years  ago. 

However,  according  to  Ormsbee,*  improvement  in  methods  of 
manufacture  were  not  adopted  before  1825.  From  1840  to  1850  there 
were  many  improvements  made  in  the  type  of  implements  used.  Many, 
in  fact  nearly  all,  of  these  improvements  may  be  traced  to  the  inventive 
genius  of  one  man,  Owen  Cummings,  who  was  born  at  Montpelier, 
Vermont,  in  1801.  The  pan  evaporator  with  a  corrugated  bottom, 
probably  the  most  important  single  advance  in  farm  processing  equip- 
ment, was  developed  by  Cummings  between  1850  and  1860. 

Production  in  Vermont 

The  average  annual  production  of  Vermont  maple  products  has 
remained  fairly  constant  during  the  past  60  years.  However,  although 
the  number  of  trees  tapped  has  changed  very  little,  production  may 
vary  greatly  from  year  to  year.  It  is  impossible  to  determine  in  ad- 
vance of  the  sap  flow  whether  the  yield  will  be  great  or  small.  The 
yield  is  mainly  dependent  upon  weather  conditions,  although  wide- 
spread insect  injury  has  been  a  limiting  factor  in  the  past. 

The  flow  of  sap  begins  as  a  rule  late  in  March.  At  this  time  the 
temperature  rises  a  few  degrees  above  the  freezing  point  during  the 
day,  and  falls  below  freezing  at  night.  The  flow  is  not  constant,  but  is 
divided  into  periods  known  as  "runs"  whose  length  and  periodicity 
are  dependent  upon  temperature  conditions.  There  may  be  only  one 
or  two  "good  sap  days"  during  the  season,  or  there  may  be  four  or 
five  "runs,"  each  extending  over  a  period  of  two  or  three  days.  Cold 
nights  followed  by  warm  cloudy  days  are  ideal.  If  the  temperature 
remains  constant,  either  above  or  below  freezing,  the  sap  flow  ceases.* 

The  area  of  greatest  production  in  Vermont  is  found  in  the  four 
northern  counties.  Franklin,  Orleans,  Caledonia,  and  Lamoille.     Wash- 


'  Loc  cit.,  pp.  26-27. 

■For  a  very  full  discussion  of  the  problems  of  the  sap  pressure  and  flow,  see 
Vt.  Sta.  Bui.  103,  pages  56-115   (1903). 
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ing^on  County,  also,  is  a  heavy  producer  of  maple  syrup  and  sugar. 
In  general,  production  is  heaviest  in  the  northern  part  of  the  State,  and 
it  also  follows  the  Hne  of  the  Green  Mountains,  which  curve  from  the 
western  border  in  the  south  towards  the  central  portion  in  the  north. 

The  accompanying  map  shows  the  number  of  trees  tapped  in  each 
town  during  the  season  of  1917,  according  to  the  lister's  census,  com- 
piled by  the  Secretary  of  State  for  Vermont.  The  location  of  the 
centers  of  heaviest  production  may  be  easily  determined  by  reference 
to  this  map.  The  total  number  of  trees  tapped  varies  from  5,500,000 
to  6,000,000.  In  1919,  Vermont  produced  6,251,734  pounds  of  maple 
sugar,  and  631,924  gallons  of  syrup.  In  terms  of  sugar,  this  is  equi- 
valent to  11,307,316  pounds,  or,  as  syrup,  to  1,413,391  gallons.  The 
production  for  1919  may  be  considered  as  typical  of  the  average. 

Two  pounds  of  sugar  per  tree  is  generally  accepted  as  the  average 
yield.  The  census  figures^  substantiate  this  claim.  For  1909,  the 
yield  per  tree  was  1.97  pounds  of  sugar,  and  in  1919,  the  yield  was 
1.89  pounds.     In  terms  of  syrup  this  approximates  one- fourth  gallon. 

Production  in  the  United  States 

In  1909,  the  13  states  which  are  represented  in  table  2  produced 
98.4  percent  of  the  maple  syrup  and  99  percent  of  the  maple  sugar  of 
the  United  States,^  according  to  the  reports  of  the  Bureau  of  Crop  Esti- 
mates. The  total  production  of  these  states  expressed  in  terms  of 
sugar  has  varied  from  25,000,000  to  over  50,000,000  pounds  during 
the  past  five  years.  The  average  yield  has  been  from  35,000,000  to 
40,000,000  pounds.  The  Canadian  production  is  placed  by  Canadian 
manufacturers  at  approximately  15,000,000  to  20,000,000  pounds  an- 
nually, so  that  the  average  annual  production  for  the  American  con- 
tinent is  between  50,000,000  and  60,000,000  pounds  of  sugar. 

In  1860,  and  previously,  a  considerable  quantity  of  sugar  was 
produced  in  the  States  of  North  Carolina,  Tennessee,  Kentucky,  Mis- 
souri, and  Virginia.  In  1860  these  states  produced  the  equivalent  of 
4,538,550  pounds  of  sugar.  By  1909,  however,  the  output  of  the  five 
states  had  dropped  to  233,014  pounds  of  sugar,  or  its  equivalent  in  syrup. 

The  accompanying  map  represents  by  counties  the  number  of  trees 
tapped  in  each  of  the  most  important  producing  states.  Table  3  gives 
in  addition  the  production  of  each  state  in  terms  of  sugar  for  1919  and 
table  4  shows  imports  of  maple  syrup  and  sugar  from  1914  to  1920. 


'  Agricultural  Census,  Vrrmont,  1920. 
»U.  S.  Dept.  Agr.  Yearbook.  1920.  p.  r.S9. 
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Processing 

The  processing  of  maple  products  may  be  performed  entirely  upon 
the  farm,  or  it  may  be  performed  on  the  farm  and  at  a  manufacturing 
plant.  The  sap  as  drawn  from  the  tree  must  be  reduced  by  the  pro- 
ducer to  the  form  of  syrup.  Farm  processing  can  not  be  avoided 
on  account  of  the  necessity  for  handling  the  sap  quickly  to  avoid 
fermentation  and  infection  by  micro-organisms.^  Furthermore,  it  is 
not  economical  to  transport  sap  to  a  central  plant  on  account  of  its  great 
bulk  as  compared  with  the  finished  product.  Approximately  30 
gallons  of  sap  are  required  to  produce  one  gallon  of  syrup. 

The  producer,  therefore,  evaporates  his  sap  theoretically  to  a 
standard  density.  The  proper  density  may  be  determined :  (a)  By  the 
weight  of  the  cool  syrup,  which  should  be  11  pounds  per  gallon  at 
60°  F. ;  (6)  by  the  Baume  hygrometer — syrup  of  standard  density 
will  test  36°  on  the  Baume  scale  at  60°  F. ;  or  (c)  by  the  use  of  a 
thermometer.^  The  last  is  the  only  practical  method  for  determining 
the  density  of  the  syrup  before  processing  is  completed,  and  is  gen- 
erally followed  by  the  Vermont  producers.  The  boiling  point  of  syrup 
concentrated  to  a  density  of  11  pounds  per  gallon  is  219°  F.  at  sea- 
level,  or  seven  degrees  higher  than  the  boiling  point  of  water.  To 
determine  the  boiling  point  of  syrup  of  standard  density  at  any  alti- 
tude, therefore,  it  is  only  necessary  to  know  the  boiling  point  of  water 
at  that  altitude,  and  to  add  seven  degrees  to  this  figure. 

In  so  far  as  density  is  concerned,  the  rules  for  the  manufacture 
of  maple  syrup  are  extremely  simple.  To  obtain  desirable  color  and 
flavor,  it  is  necessary  to  concentrate  the  sap  as  soon  as  possible  after 
drawing,  and  to  observe  rigid  rules  of  cleanliness.  Prompt  processing 
and  cleanliness  make  up  the  greater  part  of  the  "trade  secrets"  of  those 
farmers  who  produce  fancy  grades.  However,  the  flavor  and  color  ob- 
tained vary  somewhat  during  the  season,  and  from  season  to  season. 

A  considerable  percentage,  between  IS  and  20  percent,  of  the  syrup 
produced  in  Vermont  goes  directly  from  the  farms  to  the  consumers 
without  further  processing.  However,  the  greater  part  of  the  product 
now  goes  to  the  manufacturing  plants  in  the  form  of  syrup.  It  is 
shipped  to  them  almost  entirely  in  55-gallon  steel  drums  (a  30-gallon 
size  is  gaining  in  popularity)  and  has  presumably  been  concentrated 
to  standard  density  on  the  farm. 

Formerly  large  quantities  of  sugar  were  put  up  in  butter  tubs, 


»  In  this  connection  Bee  the  very  full  discusslona  of  the  micro-biology  of  the 
maple  sap  flow  in  Vt.  Sta.  Buls.  151   (1910)  and  167  (1912). 

■Tn  this  connection  see  Vt.  Sta.  Bui.  2«.  pp.  55-59  (1891);  Rpt.  6,  pp.  20-29, 
160-162  (1891)  ;  U.  S.  Dept.  Agr.,  Farmers'  Bui.  516   (1918. 
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and  other  containers  of  similar  form,  and  shipped  to  manufacturers  or 
blenders.  Owing  to  irregularities  of  grade  and  to  the  actual  presence 
of  foreign  matter  in  tub  sugar,  dealers  now  discourage  its  production. 
To  understand  fully  the  relations  of  the  dealer-manufacturer  to 
the  producer,  it  must  be  borne  in  mind  that  he  is  not,  except  in  an 
insignificant  degree,  a  manufacturer  of  pure  maple  syrup  or  sugar  for 
domestic  use.  The  dealers  are  either  blenders,  manufacturing  a  syrup 
flavored  with  maple,  or  they  manufacture  from  the  syrup  or  sugar 
they  receive  block  sugar  to  be  used  by  blenders,  tobacco  manufacturers 
or  manufacturers  of  confectionery.  Almost  without  exception,  there- 
fore, syrup  received  from  the  farmers  is  mixed  and  reboiled  by  the 
dealers  in  order  to  put  it  in  a  form  that  can  be  readily  marketed.  In 
addition,  much  syrup  received  at  the  plants  is  below  standard  density 
and  must  be  reboiled  within  a  short  time  to  prevent  fermentation. 

Local  Transportation 

The  present  rates  for  syrup  in  less  than  car  lots,  in  "bulk  in 
barrels,"  range  from  19%  cents  per  hundredweight  for  distances  of 
five  miles  or  less  to  36  cents  per  hundredweight  for  a  distance  of  95 
to  100  miles,  and  46%  cents  per  hundredweight  for  a  distance  of  190  to 
200  miles.  The  dealers  estimate  the  average  local  freight  at  five  cents 
per  gallon.  The  rate  on  empty  drums  is  19%  cents  per  hundredweight 
for  a  distance  of  five  miles  or  less,  36  cents  per  hundredweight  for  a 
distance  of  95  to  100  miles,  and  46%  cents  per  hundredweight  for  a 
distance  of  190  to  200  miles.  Fifty  miles  is  approximately  the  average 
distance  which  syrup  is  shipped  to  the  manufacturing  plants.  The  total 
cost  of  shipping  a  drum  of  syrup  this  distance,  including  the  cost  of 
forwarding  the  empty  drum  to  the  producer,  is  $2.52  or  4.6  cents  per 
gallon,  the  weight  of  the  syrup  being  considered  605  pounds  and  that  of 
the  container  110  pounds.  The  dealers'  figure  of  5  cents  per  gallon, 
therefore,  is  sufficiently  accurate  for  all  practical  purposes. 

The  drums  in  which  the  syrup  is  transported  are  shipped  to  the 
local  buyer  in  advance  of  the  season  and  are  distributed  by  him  to  the 
farmers.  These  drums  are  made  of  steel  and  are  similar  to  gasoline 
drums.  They  are  the  property  of  the  manufacturing  plant,  and  are 
loaned  without  charge,  provided  the  syrup  is  sold  to  the  manufacturer. 

The  cost  of  local  transportation  must  be  considered  in  locating  a 
manufacturing  plant.  The  establishment  of  several  cooperative  manu- 
facturing plants  throughout  the  State  has  been  advocated  in  order  to 
reduce  transportation  costs.     However,  several  other  factors  must  be 
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considered,  and  it  seems  conclusive  that  from  the  point  of  view  of 
efficiency,  economy  of  operation,  and  standardization  of  the  product, 
one  large  plant  will  give  better  results  than  three  or  four  smaller  units. 
The  factors  involved  in  plant  location,  therefore,  are  first  of  all,  a 
desirable  site ;  secondly,  good  railroad  facilities ;  and,  thirdly,  a  location 
as  near  to  the  center  of  production  as  possible. 

The  center  of  production,  for  the  last  few  seasons  at  least,  is 
located  at  some  point  in  the  town  of  Morristown,  Lamoille  County. 
Theoretically,  therefore,  the  village  of  Morrisville,  in  this  town,  would 
be  the  most  desirable  location  for  a  processing  plant.  However,  Mor- 
risville is  on  a  branch  railroad  and  does  not  have  direct  connections 
with  the  large  producing  sections.  The  east  and  west  line  which 
divides  the  state  into  two  areas  of  equal  production  passes  through 
Burlington  and  Essex  Junction  on  the  west,  and  a  few  miles  north  of 
St.  Johnsbury  on  the  eastern  border  of  the  state.  It  is  interesting  to 
note  that  the  largest  syrup  plants  are  located  in  these  three  cities.  St. 
Johnsbury,  on  the  Boston  and  Maine  Railroad,  has  direct  connection 
with  the  large  producing  centers  of  Orleans  County,  whik  Burlington, 
located  on  the  Rutland  and  Central  Vermont  Railways,  and  Essex 
Junction,  on  the  main  line  of  the  Central  Vermont  Railway,  have  easy 
access  to  the  Franklin  County  producing  districts.  Franklin  and  Or- 
leans Counties,  as  will  be  seen  by  reference  to  figure  1,  are  the  largest 
counties  in  point'  of  production.  Freight  on  out  of  state  shipments 
need  not  be  considered  in  locating  a  central  plant.^ 

Equipment 

The  equipment  used  on  the  farm  consists  of  a  number  of  tin  or 
galvanized  iron  sap  buckets,  usually  with  covers,  approximately  one 
for  each  tree  tapped,  although  two  or  more  may  be  placed  on  the  largest 
trees,;  two  or  three  gathering  pails;  spouts  or  "spiles";  a  gathering 
tank ;  a  sap-storage  tank ;  and  the  evaporator  with  its  supporting  brick 
arch  and  fire  box,  flue  and  chimney.  At  present  prices,  the  cost  of 
this  equipment  for  a  thousand-tree  bush,  which  is  about  the  average 
size,  will  be  $1  per  tree,  aside  from  the  cost  of  the  sugar  house. 

The  evaporator  consists  of  a  flat  pan  of  heavy  tin  ranging  in  size 
from  36  inches  x  72  inches  to  6  feet  x  16  feet  and  with  a  "daylight 
boiling  capacity"  sufficient  to  reduce  the  sap  of  from  200  to  3,000 
trees.  There  are  several  makes  of  evaporators  on  the  market,  but  all 
of  them  are  very  similar  in  general  design.     The  evaporator  pan  is 


1  See  table  10  in  Appendix. 
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supported  by  a  metal  arch  lined  with  fire  brick  which  serves  as  a  fire 
box,  and  provides  for  the  distribution  of  heat  to  all  parts  of  the  evap- 
orator in  the  proportion  required.  The  pan  is  divided  into  six  or 
seven  compartments.  The  production  of  good  syrup  requires  rapid 
evaporation,  especially  in  the  early  stages.  The  first  compartment 
which  the  sap  enters  has  deep  "flues,"  or  corrugations  in  the  bottom. 
These  are  about  eight  inches  deep  and  one-half  inch  wide.  The  flues 
divide  the  sap  into  thin  sheets,  and  as  this  compartment  is  located  over 
the  hottest  part  of  the  fire,  evaporation  is  very  rapid.  The  concen- 
trated sap  passes  automatically  from  one  compartment  to  the  next  until 
it  reaches  the  last  compartment,  or  the  syrup  "draw-off  pan." 

In  the  central  plants,  syrup  is  boiled  in  copper  kettles,  equipped 
with  steam  coils.  The  nature  of  the  business  conducted,  and  the  quan- 
tity of  syrup  or  sugar  handled  determines  the  kind  and  amount  of 
machinery  employed  in  the  manufacturing  plants.  In  addition  to  the 
steam  boiling  kettles,  all  the  larger  plants  have  storage  and  mixing 
tanks  from  which  the  syrup  may  be  pumped  to  the  kettles.  If  en- 
gaged in  preparing  pure  or  blended  syrup  for  market,  they  also  are 
equipped  with  automatic  filling  machines,  capping  or  canning  machines 
and  labelling  machines. 

The  largest  manufacturing  .plant  in  Vermont  is  equipped  prin- 
cipally for  the  manufacture  of  block  sugar.  The  syrup  is  received  on 
the  first  floor  and  the  drums  are  emptied  into  two  10,000-gallon  steel 
storage  tanks  in  the  basement.  From  these  tanks,  equipped  with 
agitators,  the  syrup  is  pumped  to  a  tank  on  the  fourth  floor.  From  this 
it  flows  by  gravity  to  large  copper  steam  kettles  on  the  third  floor.  This 
syrup  is  heated  to  a  temperature  of  256°  to  260**  F.,  the  purpose  being 
to  secure  an  extremely  hard  sugar.  From  the  kettles  the  syrup  runs  by 
gravity  to  large  "graining  tanks"  on  the  second  floor.  It  is  stirred  in 
these  tanks  by  an  elongated  paddle  wheel  for  about  half  an  hour.  At 
the  end  of  this  time  it  has  cooled  considerably,  but  will  still  flow  freely. 
It  is  drawn  from  the  tanks  directly  into  the  boxes  in  which  it  is 
shipped.  These  boxes  are  a  little  smaller  than  an  ordinary  soap  box 
and  are  lined  on  the  bottom  and  on  the  sides  with  heavy  oiled  paper. 
These  boxes  pass  in  front  of  the  "graining  tanks"  on  the  roller  con- 
veyors, and  after  they  are  filled  are  carried  by  a  moving  belt  into  the 
next  room.  Here  they  are  diverted  on  a  series  of  roller  conveyors 
running  across  the  room.  They  stand  on  these  conveyors  for  about 
three  hours,  or  tmtil  the  sugar  is  completely  cooled.  The  covers  are 
then  nailed  on  the  boxes.  The  boxes  pass  over  a  scale  which  is  part 
of  the  roller  conveyor  system,  and  the  net  weight  is  marked  on  each. 
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They  then  roll  down  a  circular  conveyor  to  the  first  floor  and  over 
movable  conveyors  to  the  car. 

Labor 

The  greater  proportion  of  Vermont  maple  syrup  is  produced  by 
the  labor  of  the  farmer  and  his  family,  or  by  family  labor  assisted  by 
one  hired  man.  In  only  a  few  cases  is  hired  labor  employed  exclu- 
sively. It  is  a  rather  general  practice,  however,  for  the  farmer  to 
employ  the  hired  help  he  requires  for  his  spring  and  summer  work  at 
the  beginning  of  the  maple-sap  season.  The  farmer's  cash  expendi- 
ture for  labor,  therefore,  is  usually  not  a  large  item.  Although  his 
own  labor  and  that  of  his  family  should  command  a  fair  return  for 
the  sap  season,  he  is  in  many  instances  influenced  in  his  decision  to 
tap  by  the  fact  that  he  is  able  to  employ  otherwise  idle  labor. 

Cost  of  Production 

Two  attempts  have  been  made  to  determine  production  costs. 

The  first  was  made  by  C.  J.  Frink,  a  graduate  of  the  College  of 
Agriculture  of  the  University  of  Vermont  in  the  class  of  1913,  in  con- 
nection with  senior  thesis  work.^  Data  were  secured  during  the  spring 
of  1912  from  52  representative  sugar  makers  in  FrankHn,  Lamoille, 
Orleans  and  Orange  Counties  and  especially  exact  data  from  nine 
operators  in  1913.  Of  course  the  results  then  secured  have  little  bear- 
ing now  except  in  a  historical  way.  No  one  today  can  make  sugar 
for  11  cents  or  syrup  for  86  cents,  the  average  figures  found  by  Frink. 

In  1921,  a  second  study  was  made  by  M.  P.  Rasmussen,  then 
farm  management  demonstrator  in  the  Extension  Service.^  Records 
were  kept  by  67  farmers,  and  60  of  the  reports  received  were  sum- 
marized. The  figures  published  show  that  it  cost  these  60  farmers,  on 
the  average,  $1.52  per  gallon  to  produce  maple  syrup. 

Cost  per  Percent 

Item  gallon  of  cost 

Human  labor    |0.56  36% 

Horse  labor 16  10 

Wood  (fuel)    25  16 

Repairs  01  1 

Depreciation  on  equipment 19  12 

Interest  on  average  investment  in  equipment 20  13 

Interest  on  average  investment  in  sugar  bush 06  5 

Total  gross  cost  per  gallon ^1.54  100% 

Credits  for  pasture,  etc.,  per  gallon 02 

Net  cost  per  gallon  11.52 

•  Vt.  Sta.  Bui.  203.  pp.  17-24    (1917). 

*Vt.   Ext.  Serv.,  "The  Cost  of  Producing  Maple  Syrup  and  Sugar  on  60  Ver- 
mont Farms"    (Progress  Rei»ort  1921;  mimeographed  form). 
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The  report  shows  that  on  five  farms  syrup  was  made  for  less  than 
$1.00  per  gallon,  that  on  13  the  cost  was.  between  $1.00  and  $1.25 
per  gallon,  that  it  cost  10  producers  from  $2.01  to  $2.50  per  gallon 
to  produce  sugar,  and  that  on  two  farms  syrup  was  made  at  a  cost  in 
excess  of  $2.50  per  gallon.  According  to  the  report,  the  cost  of  produc- 
tion was  directly  affected  by  (a)  the  size  of  the  sugar  bush;  {b)  effi- 
ciency in  the  use  of  labor ;  and  (c)  the  yield  per  tree.  The  average  cost 
for  14  orchards  of  1,000  to  1,500  trees  each  (average  group  1,207)  was 
$1.17  per  gallon,  while  15  orchards  of  451  to  750  trees  each  (average 
of  group  605)  show  an  average  cost  of  $1.61  per  gallon.  The  num- 
ber of  hours  of  man-labor  required  to  produce  100  gallons  of  syrup 
ranged  from  as  low  as  71  hours  to  as  high — in  a  single  instance — ^as 
416  hours,  a  preposterous  figure.  This  factor  naturally  greatly  in- 
fluences the  cost  of  production,  as  does  also  the  yield  per  tree.  The 
average  yield  for  the  state  in  1921  was  considerably  below  normal, 
and  the  average  for  the  60  farms  represented  was  1.7  pounds  of 
sugar  or  0.21  gallons  of  syrup  per  tree.  Eighteen  farmers  reported  an 
average  yield  for  the  group  of  1.2  pounds  per  tree,  and  the  average 
cost  of  production  for  this  group  was  26  cents  per  pound,  or  about 
$2.08  per  gallon  of  syrup.  Another  group  of  23  farms  reported  an 
average  production  of  2.3  pounds  of  sugar  per  tree,  and  an  average 
production  cost  of  16  cents  per  pound,  or  approximately  $1.27  per 
gallon  of  syrup.  The  average  number  of  trees  per  orchard  on  the  farms 
represented  in  this  report  was  915,  and  the  investment  in  equipment 
reported  was  86  cents  per  tree. 

The  above  figures  were  obtained  during  a  year  of  high  labor  costs 
and  low  production,  and  undoubtedly  will  be  subject  to  revision  as  the 
investigation  proceeds  in  succeeding  years. 

Manufacturing  Costs 

The  total  cost  of  processing  syrup,  through  manufacturing  plants, 
has  ranged  during  the  past  three  years  from  40  to  50  cents  per  gallon, 
including  local  freight  and  buying  costs.  The  following  figures  are 
the  partial  costs  of  one  plant  per  gallon  of  syrup  sold  (sales  of  maple 
sugar  are  represented  as  syrup)  during  the  season  of  1919. 

Plant,  office  and  sales  expense  25.40  cts. 

Interest  on  investment  1.76  cts. 

Depreciation   2.46  cts. 

Local  freight 7.09  cts. 

Total    36.61  cts. 
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The  labor  cost  includccl  in  the  first  item  was  4.01  cents  per  gallon. 
To  the  above  costs  should  be  added  loss  from  shrinkage  and  de- 
terioration of  syrup,  usually  estimated  at  5  percent,  and  insurance 
charges  on  the  stock  in  the  warehouse.  These  items  with  a  buying 
charge  of  5  cents  make  the  total  cost  very  close  to  48  cents  per  gallon. 

Figures  obtained  from  other  dealers  give  the  following  approx- 
imate processing  costs  per  gallon  of  syrup: 

Plant  costs  (including  packages)    35  cts. 

Buying  costs   5  cts. 

Drums  (depreciation  and  maintenance) 5  cts. 

Local  freight  6  cts. 

Total 50  cts. 

The  above  figures  were  obtained  during  the  i)eak  of  high  prices. 
They  should  be  lessened  in  1922  from  10  to  15  cents  per  gallon. 

Storage 

A  small  quantity  of  syrup  and  sugar  is  held  on  the  farm  through 
the  summer  and  into  the  following  winter,  but  by  far  the  greater  part 
of  it  passes  into  the  hands  of  the  dealers  within  a  month  or  six  weeks 
after  the  close  of  the  season.  An  exception  to  this  was  found  during 
1921,  when  on  account  of  low  prices  and  the  large  carry-over  from 
the  previous  year,  a  larger  percentage  than  usual  remained  in  the 
hands  of  the  producers.  As  a  rule,  however,  the  bulk  of  the  crop  is 
carried  by  the  manufacturers.  About  one-third  is  marketed  by  them 
in  the  two  months  following  sap  flow.  After  this  there  is  very  little 
activity  in  the  syrup  market  until  September  1st,  and  the -bulk  of  the 
remaining  two-thirds  of  the  crop  is  put  in  the  hands  of  the  jobbers 
and  retailers  during  September,  October  and  November.  This  is  also 
true  in  the  sale  of  pure  and  blended  syrups.  A  somewhat  different 
situation  exists  with  regard  to  commercial  sugar,  either  in  tub  or  block 
form,  and  as  a  general  rule  it  is  moved  out  of  the  state,  or  into  the 
hands  of  the  ultimate  purchaser,  earlier  than  is  the  case  with  syrup. 

Syrup  is  stored  by  the  manufacturers,  both  in  tanks  and  in  the 
drums  in  which  it  is  received  from  the  producers.  However,  as 
speedily  as  possible  it  is  put  into  cans  or  bottles,  either  as  pure  or 
blended  goods,  or  it  is  worked  up  in  the  form  of  block  sugar.  It 
is  best  to  store  syrup  at  a  uniform  temperature  of  40°  to  45°  F. 
Temperatures  near  freezing,  it  is  said,  have  a  tendency  to  cause  crys- 
tallization. Cold  storage  is  not  necessary,  and  a  cool,  dry  cellar,  the 
temperature  of  which  can  be  held  around  60°  F.  is  deemed  satisfactory. 
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The  accompanying  table  gives  as  a  percentage  of  the  value  of  all 
shipments  for  the  year,  those  made  by  one  Vermont  manufacturer  of 
pure  and  blended  syrups  each  month  during  1919,  1920,  and  1921.  The 
years  1919  and  1920  are  not  representative,  as  the  shortage  of  granu- 
lated sugar  created  an  unusual  demand  for  maple  products  and  a  large 
portion  of  the  crop  was  marketed  during  the  summer.  It  will  be  noted 
that  in  1921,  the  heaviest  movement  was  in  the  autumn. 

PEBCENTA6E  OF  TOTAL  OUTPUT   MARKETED  EACH   MONTH  BT   ONE  VERMONT  UEALER 

1919 

December*    4.3 

January    9.4 

February    2.9 

March    2.9 

April    3.9 

May    14.4 

June    9.9 

July 14.8 

August    9.8 

September    12.3 

October   9.7 

November  5.7 


1920 

1921 

2.4 

4.4 

2.7 

1.3 

6.0 

1.0 

3.9 

4.6 

3.1 

7.8 

11.3 

4.0 

22.5 

1.5 

21.8 

4.7 

10.1 

13.7 

7.8 

23.0 

5.6 

17.2 

3.9 

16.9 

100.0  100.0  100.0 

Present  Marketing  Methods 

In  discussing  the  marketing  of  Vermont  maple  products,  the  widely 
varying  grades  and  kinds  of  goods  must  be  borne  in  mind. 

There  are,  in  the  first  place,  products  of  first  class  quality  which 
are  sold  in  the  form  of  either  sugar  or  syrup.  This  class  of  pro<lucts 
comprises  less  than  one-third  of  the  total  production.  It  is  sold,  first, 
by  the  producers  directly  to  the  consumers  in  quart,  half  gallon  and 
gallon  cans ;  it  is  consigned  by  the  producer  to  commission  dealers  in 
eastern  markets;  a  portion  is  sold  locally;  and  the  remainder  is  sold 
to  the  large  dealers  by  whom  it  is  bottled  or  canned,  for  the  most  part, 
as  pure  syrup.  These  are,  in  addition,  the  commercial  grades  of  syrup 
and  sugar  (No.  2  and  No.  3  grades)  which  make  up  at  least  two-thirds 
of  the  total  production.  These  grades  are  sold  to  manufacturers 
within  the  state  or  to  syrup  finns  in  nearby  markets.  The  syrup  is 
sold  in  bulk  in  the  manufacturer's  container,  and  the  sugar,  for  the 
most  part,  in  35-pound  tubs.  Much  of  the  syrup  which  falls  in  the 
lower  grades  is  converted  into  block  sugar  and  sold  for  flavoring  pur- 


» December,  1918.  1919  and  1920,  respectively. 
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poses.  The  manufacturers  resell  goods  of  this  class  to  tobacco  manu- 
facturers, manufacturers  of  blended  syrups  both  in  and  out  of  the 
state,  manufacturers  of  confectionery  and  ice  cream  makers.  It  is 
difficult  to  obtain  definite  figures  regarding  the  amount  of  sugar  and 
syrup  which  falls  within  each  of  the  classes  mentioned.  It  is  estimated 
that  approximately  a  sixth  of  the  crop  is  sold  directly  by  the  producers 
to  distant  consumers,  a  tenth  used  at  home  and  sold  locally,  a  twentieth 
shipped  to  commission  merchants  and  two-thirds  sold  to  manufacturers. 
With  this  estimate  many  Vermonters  will  heartily  concur. 

The  syrup  sold  in  bulk  is  generally  purchased  and  graded  by  the 
local  buyer,  usually  a  merchant  with  whom  the  farmers  trade,  and  to 
whom  many  of  them  are  indebted.  The  drums  are  distributed  to  the 
producers  in  advance  of  the  season  and  when  filled,  or  at  the  end  of 
the  season,  are  hauled  by  the  farmers  to  the  loading  station.  On  a 
certain  day  the  syrup  is  graded  either  by  the  local  buyer  or  a  man  sent 
for  the  purpose  from  the  central  plant,  and  the  farmers  paid  in  accord- 
ance with  the  flavor,  color  and  density  of  their  product.  The  entire 
shipment  is  then  forwarded  to  the  manufacturing  plant. 

It  should  be  mentioned  at  this  point  that  a  faulty  feature  of  the 
present  marketing  system  is  the  failure  to  make  sufficient  discrimina- 
tion between  the  first,  second  and  third  grades  of  syrup.  Before  the 
war,  a  premium  of  not  more  than  25  cents  a  gallon  was  paid  for  No.  1 
syrup.  During  the  sugar  shortage  of  1918,  1919,  and  the  first  part  of 
1920,  the  demand  for  maple  products  greatly  exceeded  the  supply,  and 
a  flat  price  was  paid  for  all  grades.  In  1921,  15  cents  per  gallon  more 
was  paid  for  first  than  for  second  grade  syrup.  However,  this  margin 
is  totally  inadequate  to  encourage  the  production  of  fine  quality  goods. 
The  situation  outlined  above  has  retarded  improvement  in  the  quality. 

Grades 

The  grading  of  maple  syrup  now  very  generally  follows  the  color 
standards  promulgated  several  years  ago  by  the  Bureau  of  Chemistry 
of  the  United  States  Department  of  Agriculture.  The  color  scale 
comprises  20  graduations  of  color,  and  the  standard  solutions  are  made 
up  of  graduated  quantities  of  pure  glycerin  and  a  caramel  solution.* 
No.  1,  the  lightest  in  the  scale,  is  made  up  of  glycerin  only,  while  No. 
20,  the  darkest,  contains  only  the  caramel  solution.  The  standard 
colors  are  put  up  in  vials  of  clear  glass  having  the  same  internal 
diameters.     When  syrup  in  a  vial  of  the  same  diameter  and  of  glass  of 


»  U.  S.  Dept.  Agr.,  Bu.  Chem.,  Bui.  174   (1911). 
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PiciuRB  4.    Diagrram  showing  population  of  the  United  States ;  per  capita  consumption  of  sugar, 

in  pounds,  and  maple  syrup  and  sugar  production,  expressed  in  million  pounds,  from  1860 

to  1920. 
A.     Figures  for  maple  syrup  and  sugar  production  for  1917  to   1920   are  from  reports  of  the 

Bureau  of  Markets  and  Crop  Estimates.     All  other  flgures  are  from  the  United  States  census 

reports. 
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similar  clearness  and  color  is  compared  with  the  color  scale,  its  place 
in  the  scale  may  be  quickly  determined  even  by  the  inexperienced 
observer.  In  addition  to  color,  the  syrup  is  tested  for  density  and 
flavor,  although  flavor  is  usually  coordinated  with  color.  Density 
does  not  directly  affect  the  grade,  but  a  syrup  not  sufficiently  concen- 
trated will  soon  ferment.  The  process  of  condensation  to  a  condition 
of  standard  density  involves  loss  through  evaporation.  Therefore, 
under-weight  syrup  is  purchased  at  a  price  less  than  that  paid  for  the 
same  grade  which  is  of  standard  density. 

A  great  deal  of  the  blended  syrup,  and  particularly  all  of  the  block 
sugar  is  shipped  in  car  lots.  However,  practically  all  of  the  pure  syrup 
and  the  fancy  grades  of  sugar  are  shipped  in  less  than  car  lots.  A 
considerable  quantity  moves  by  express  and  parcel  post. 

Table  5  shows  the  farm  prices  for  maple  sugar  during  the  years 
1917-1921,  and  table  6  gives  the  same  information  for  maple  syrup. 
The  prices  for  the  most  part  represent  the  better  grades  of  maple 
products,  and  do  not  apply  to  sugar  or  syrup  sold  in  bulk. 

The  Need  of  Organization 

Table  7  shows  the  per  capita  consumption  of  sugar  in  the  United 
States  from  1865  to  1920,  as  given  by  the  "Statistical  Abstract  of  the 
United  States"  for  1920.  It  will  be  noted  that  the  amount  consumed 
per  capita  increased  from  18.17  pounds  in  1865,  and  28.45  pounds  in 
1866,  to  91.46  pounds  in  1920. 

In  1860  the  population  of  the  United  States  was  a  little  over 
31,000,000,  while  in  1920  it  had  increased  to  over  105,000,000.  In 
1860  there  were  approximately  52,000,000  pounds  of  maple  sugar  and 
syrup  expressed  in  terms  of  sugar  produced  in  this  country,  and  it  can 
be  assumed  that  the  greater  part  of  it  entered  domestic  consumption. 
In  1920  the  production  of  maple  syrup  and  sugar  was  less  than  half 
this  amount,  and  less  than  50  percent  of  the  1920  production,  according 
to  the  best  figures  available,  or  less  than  13,000,000  pounds  reached  the 
consumers  in  the  pure  form.  In  spite  of  the  fact  that  the  population 
of  the  United  States  has  increased  three  and  one-half  times  since  1860, 
and  the  per  capita  consumption  of  sugar  is  between  three  and  four 
times  as  great  as  in  1865-66,  the  consumption  of  maple  sugar  and  syrup 
as  such  has  actually  declined. 

The  demand  created  by  increased  population  and  consumption  has 
been  filled  by  an  increased  supply  of  cane  sugar.  The  demand  for  tabic 
syrups  has  been  met  by  a  greatly  increased  output  of  blended  syrups. 
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Blended  syrup  has  come  into  direct  competition  with  pure  maple 
syrup,  and  now  largely  dominates  the  table  syrup  market.  Lack  of 
organization  among  the  maple-sap  producers  has  made  possible  the 
virtual  elimination  of  their  product  from  trade  channels.  At  least  65 
percent  of  the  syrup  now  produced  is  sold  in  bulk  to  manufacturers  of 
blended  syrup,  or  to  tobacco  manufacturers  for  flavoring  purposes. 

From  the  point  of  view  of  the  manufacturer,  the  blended  syrup 
business  is  more  desirable  than  the  pure  syrup  business.  In  the  first 
place,  it  does  not  require  so  great  an  outlay  of  capital.  The  maple 
sugar  or  syrup  required  for  flavoring  purposes  represents,  as  a  rule, 
only  15  to  25  percent  of  the  total  product.  This  must  be  purchased 
during  or  shortly  after  the  maple-sap  season,  and  capital  invested  in 
these  goods  is  tied  up  for  a  year,  or  in  any  event  can  not  be  turned 
over  more  than  once  a  year.  However,  cane  sugar,  which  represents 
75  to  85  percent  of  the  finished  product,  can  be  purchased  on  the  open 
market  at  any  time,  under  normal  conditions,  and  in  any  quantity  re- 
quired. The  capital  invested  in  cane  sugar,  therefore,  may  be  turned 
over  four  or  five  times  during  the  year.  In  addition  it  enables  the 
manufacturer  to  establish  a  grade  which  is  uniform  for  each  shipment 
and  from  season  to  season.  There  are  seasonal  variations  in  the  color 
and  quality  of  pure  maple  syrup,  and  also  variations  in  the  product  of 
different  producers  which  make  absolute  uniformity  of  grade  an  im- 
possibility. Furthermore,  he  has  a  product  comparable  with  pure 
maple  syrup  in  appearance  which  he  can  offer  at  a  lower  price. 

The  wholesalers,  retailers,  and  the  majority  of  the  consumers,  are 
kindly  disposed  towards  blended  syrups  on  account  of  the  uniformity 
mentioned,  the  fact  that  there  is  a  dependable  source  of  supply,  and 
because  the  article  is  offered  them  at  a  lower  price. 

Added  to  this,  the  manufacturers  of  blended  syrup  have  been 
active  in  extending  the  sale  of  their  goods.  The  only  competition  they 
have  had  has  been  that  of  unorganized  producers  unschooled  in  busi- 
ness practices.  It  is  not  surprising,  therefore,  that  the  sale  of  blended 
syrups  has  greatly  increased  in  the  last  ten  years,  or  that  the  sale  of 
pure  syrup  has  greatly  declined.  As  an  example  of  the  extent  to 
which  blended  syrups  have  supplanted  pure  maple  syrup,  a  Vermont 
manufacturer  stated  that  in  1920  one  of  his  customers  bought  600 
gallons  of  pure  maple  syrup  from  him  and  approximately  22,000  gal- 
lons of  blended  syrup.  Ten  years  ago,  this  customer  handled  only 
pure  maple  syrup  and  the  manufacturer  stated  that  he  would  have  been 
insulted  if  he  had  been  offered  blended  syrup. 

Vermont  maple  syrup,  therefore,  and  this  is  largely  true  of  all 
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maple  sap  producing  states,  has  been  marketed  under  a  system  which 
has  discouraged  the  sale  of  the  pure  product.  Instead  of  being 
marketed  in  pint  and  quart  cans  or  bottles,  as  one  would  naturally 
expect,  the  greater  proportion  of  the  product  is  sold  in  55-gallon  drums 
or  as  sugar  in  tubs  or  65-pound  blocks.  Instead  of  being  placed  upon 
the  market  in  the  pure  form,  as  a  delicacy,  it  is  sold  to  a  large  extent 
in  bulk  for  flavoring  purposes.  As  a  bulk  article,  and  as  what  must 
be  considered  a  raw  product,  it  naturally  does  not  command  a  high 
price.  With  the  exception  of  1917,  1918,  1919,  and  the  first  part  of 
1920,  when  cane  sugar  was  high  and  scare,  the  prices  paid  for  maple 
sugar  and  syrup  to  the  producers  have  been  little  if  any  above  the  cost 
of  production.  In  fact,  it  would  seem  that  prices  paid  have  usually  al- 
lowed the  farmer  a  moderate  wage  for  his  labor  and  nothing  more. 

The  most  serious  shortcoming  of  the  present  marketing  system, 
however,  is  the  fact  that  it  has  failed  to  encourage,  and  as  a  matter  of 
fact,  has  actually  discouraged  the  production  of  maple-sap  products  of 
high  quality.  It  is  not  to  be  expected  that  a  man  will  take  any  great 
amount  of  pride  in  the  production  of  a  product  which  he  sells  in  bulk. 
During  the  period  of  the  war,  maple  syrup  and  sugar  of  all  grades 
was  sold  at  a  uniform  price.  In  1921,  No.  1  syrup,  including  fancy 
quality,  was  sold  very  generally  for  only  IS  cents  per  gallon  more  than 
was  paid  for  the  No.  2  and  No.  3  grades.  It  is  hardly  possible  that 
the  percentage  of  No.  1  syrup  produced  in  Vermont  has  declined.  On 
account  of  the  general  introduction  of  patented  evaporators,  metal 
bucket,  bucket  covers,  and  other  improvements,  it  has  probably  in- 
creased. However,  the  fact  remains  that  from  60  to  75  percent  of 
the  syrup  produced  in  Vermont  is  not  of  desirable  table  quality,  and  it 
would  seem  that  the  method  of  marketing  the  product  must  bear  the 
primary  responsibility  for  this  condition. 

Former  Ventures  in  Organization 

The  Vermont  Sugar  Makers'  Association  was  organized  in  1893. 
It  was  never  the  intention  of  this  organization  to  engage  in  marketing, 
but  from  its  inception,  marketing  problems  and  cooperative  marketing 
formed  active  topics  of  discussion. 

A  little  later  the  association  adopted  a  label  which  was  supplied 
to  its  members  at  cost,  and  which  they  were  permitted  to  use  on  first 
grade  syrup  sold  by  them  to  private  trade.  This  label  is  still  used  by 
members  of  the  association  and  no  doubt  it  has  served  to  a  small  ex- 
tent to  advertise  Vermont  goods.     However,  the  fact  that  the  syrup 
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shipped  under  this  brand  has  not  been  uniform  has  nullified  largely 
the  advertising  value  of  the  label. 

In  1901,  an  effort  was  made  to  extend  the  organized  marketing 
of  maple-sap  products.  Accordingly  the  "Vermont  Maple  Sugar 
Makers'  Market"  was  formed,  and  a  smc^ll  processing  plant  was  estab- 
lished at  Randolph,  Vt.  This  is  a  stock  company  and  the  stock  at 
the  time  of  organization  was  rather  widely  distributed  among  producers. 
It  was  assumed  that  syrup  would  be  processed  and  sold  through  the 
Randolph  plant  for  members  and  non-members  at  a  fixed  charge. 
However,  no  contracts  were  entered  into  with  producers,  and  it  was 
found  that  the  quantity  supplied  by  them  from  season  to  season  was 
uncertain.  As  the  organization's  market  developed,  it  was  found 
necessary  to  buy  syrup  from  the  farmers  to  care  for  its  customers' 
requirements.  This  phase  of  the  business  developed,  while  the  con- 
signment business  declined.  At  the  same  time  the  stock  of  the  "Maple 
Sugar  Makers'  Market"  apparently  came  to  be  held  largely  by  a  few 
individuals.  At  the  present  time  it  operates  strictly  as  a  commercial 
concern.  It  handles  pure  goods  only,  and  the  management  takes  a 
very  sympathetic  attitude  towards  the  producers'  problems.  The 
"Maple  Sugar  Makers'  Market"  handles  20,000  to  30,000  gallons  of 
syrup  annually  and  is  operating  successfully. 

In  1920  an  attempt  was  made  by  a  County  Farmers'  Exchange  to 
market  maple-sap  products  cooperatively  with  extremely  disastrous 
results.  The  exchange  advanced  up  to  $2.20  per  gallon  to  the  pro- 
ducers and  accumulated  approximately  6,000  gallons  of  syrup.  Very 
little  of  this  had  been  sold  when  the  1920  collapse  of  the  cane-sugar 
market  occurred.  In  consequence  the  greater  part  of  the  syrup  was 
sold  at  a  heavy  loss,  most  of  it  through  jobbers  and  commission  men. 
There  was  also  a  heavy  loss  due  to  leaky  cans,  evaporation  and 
spoilage,  amounting  in  all  to  30  percent.  Marketing  expenses  were 
also  heavy,  and  it  was  necessary  to  reheat  practically  all  syrup  received. 

During  the  season  of  1921  a  national  bank  in  Vermont  received 
and  marketed  successfully  a  little  over  22,000  gallons  of  maple  syrup. 
The  farmers  who  delivered  syrup  to  the  bank  were  advanced  75  cents 
per  gallon  for  No.  1  grade.  The  bank  accepted  the  farmers'  notes  for 
this  amount,  holding  the  syrup  as  security.  The  syrup  was  sold  direct 
to  the  consumers,  and  a  considerable  portion  of  the  expense  was  borne 
by  the  bank.  It  was  estimated  at  the  latest  report  that  a  dividend  of 
20  cents  per  gallon  would  be  paid  to  the  producers  of  No.  1  syrup. 
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The  Present  Status  of  Cooperative  Marketing 

The  present  demand  for  cooperative  marketing  is  an  outgrowth 
of  the  low  prices  received  for  syrup  and  sugar  during  the  season  of 
1921.  Even  in  advance  of  the  maple  sap  season  of  1921,  the  situation 
appeared  serious.  In  spite  of  the  fact  that  $2  per  gallon  was  gen- 
erally paid  for  syrup  in  bulk  during  1920,  many  farmers  expected 
higher  prices  and  refused  to  sell.  During  the  summer  of  1920,  coin- 
cident with  the  decline  in  the  price  of  cane  sugar,  the  demand  for 
maple-sap  products  practically  disappeared  and  prices  fell  rapidly. 
The  producers  and  dealers  alike  lost  heavily  and  the  1921  season  was 
approached  with  a  large  quantity  of  1920  syrup  and  sugar  which  had 
been  purchased  at  high  prices  in  the  hands  of  dealers,  wholesalers  and 
retailers.  There  was  a  great  deal  of  uncertainty,  therefore,  regarding 
the  marketing  of  the  1921  crop. 

At  its  meeting  in  January,  1921,  the  Vermont  Maple  Sugar 
Makers*  Association  appointed  a  committee  to  investigate  the  market- 
ing of  maple-sap  products  cooperatively.  This  committee  later  re- 
quested the  assistance  of  the  Federal  Bureau  of  Markets  in  developing 
a  marketing  plan.  Plans  for  the  organization  of  a  cooperative  asso- 
ciation and  the  marketing  of  maple-sap  products  were  discussed  with 
this  committee,  and  a  plan  of  organization  was  approved  by  the  asso- 
ciation at  its  meeting  in  January,  1922.  A  committee  was  appointed 
to  proceed  with  the  formation  of  local  associations,  which,  later,  were 
federated  in  a  central  exchange. 

Cooperative  Marketing  Difficulties 

Enough  has  been  said  regarding  the  nature  of  the  industry  to 
indicate  that  the  processing  and  marketing  of  maple-sap  products  is  a 
complicated  problem.  A  processing  plant  and  expensive  machinery 
are  required  and  the  operation  of  the  plant  requires  a  fair  amount  of 
technical  skill.  The  marketing  of  maple  syrup  is  at  least  as  difficult 
as  that  of  other  farm  products.  There  is  apparently  a  lack  of  en- 
thusiasm among  wholesalers  and  retailers  regarding  pure  maple  syrup, 
and  a  consumers'  demand  must  be  built  up.  On  the  other  hand,  the 
product  lends  itself  to  preparation  in  such  a  variety  of  ways  that  an 
attractive  brand  and  standard  product  should  be  quite  easily  established. 

The  greatest  drawback  to  the  development  of  cooperative  market- 
ing, however,  is  the  general  attitude  of  the  producers.  The  Vermont 
farmer  is  naturally  an  individualist,  and  is  slow  to  undertake  new 
ventures.     Cooperative  marketing  is  not   extensively  developed  and 
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the  producers  do  not  possess  the  cooperative  point  of  view.  They 
instinctively  approach  the  problem  as  simply  an  extension  of  the  private 
trade  in  which  so  many  of  them  are  engaged. 

These  handicaps  are  undoubtedly  common  to  all  unorganized  pro- 
ducers and  can  be  overcome  only  through  experience  in  organization. 
They  are  not  considered  sufficiently  great  to  preclude  organization,  but 
they  do  indicate  that  extreme  caution  must  be  exercised. 

There  must  be  taken  into  consideration  also  the  fact  that  a  great 
many  maple-sap  products  are  indebted  to  local  merchants,  who  act 
as  buyers  for  the  large  dealers.  These  men  are  under  obligation  to 
sell  their  syrup  to  these  merchants  and  are  not  free  at  the  present  time 
to  join  a  cooperative  association. 

Financial  difficulties  are  also  considerable.  The  most  serious  is 
the  difficulty  of  carrying  the  maple-sap  products  through  the  summer. 
The  producers  in  nearly  all  cases  depend  upon  money  received  for  their 
maple-sap  products  to  give  them  the  ready  cash  necessary  to  start  their 
farming  operations  and  pay  taxes  and  bills  contracted  at  the  local  stores 
through  the  winter.  To  merchandize  maple-sap  products  scientifically 
they  must  be  distributed  to  the  trade  throughout  the  year.  In  the  case 
of  syrup  there  is  an  active  demand  for  about  two  months  after  the  sap 
season.  Demand  then  falls  oflf  until  about  the  first  of  September  and 
there  is  then  an  active  demand  through  the  fall  and  winter  months. 
Hence  it  is  necessary  to  carry  two-thirds  to  three-fourths  of  the  product 
for  approximately  six  months,  and  it  seems  equally  necessary  to  ad- 
vance the  producers  at  least  a  portion  of  the  value  of  these  products. 

The  Problems 

The  problems  which  now  confront  the  Vermont  producers  of 
maple  syrup  and  sugar  are  briefly  the  following: 

1.  To  improve  the  methods  of  gathering  and  concentrating  the 
sap  in  order  to  increase  the  output  of  first  grade  sugar  and  syrup. 

2.  To  standardize  grades,  packages  and  handling  methods. 

3.  To  provide  marketing  machinery  for  the  regular  and  uniform 
distribution  of  pure  maple-sap  products  to  the  consumers. 

4.  To  widen  the  market  and  increase  demand  for  pure  products. 
On  the  average,  less  than  one-third  of  the  maple  syrup  and  sugar 

produced  is  of  sufficiently  high  quality  to  sell  readily  in  the  pure  form. 
The  remainder  must  be  sold  as  a  bulk  product  and  is  used  largely  for 
flavoring.  No.  1  goods,  if  properly  marketed,  will  bring  the  pro- 
ducers profitable  returns  and  will  advertise  the  state  and  the  maple- 
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products  industry.  On  the  other  hand,  low  grade  syrup,  in  the  future, 
will  bring  very  little  if  any  margin  over  the  cost  of  production.  It 
does  not  reach  the  consumer  in  the  form  of  a  pure  product  and  in  no 
wise  adds  to  the  prestige  of  the  maple-sap  industry.  As  a  matter  of 
fact  it  makes  possible  a  large  part  of  the  blended  syrup  business  which 
is  strictly  competitive  with  pure  syrup. 

Methods  of  producing  syrup  of  a  desirable  quality  have  been  estab- 
lished for  many  years.  If  a  farmer  now  produces  a  syrup  or  sugar  of 
low  quality,  it  is  either  because  it  has  not  been  worth  his  while  to 
inform  himself  as  to  improved  methods  or  because  it  has  not  been 
worth  his  while  to  put  into  practice  the  information  which  he  possesses. 
And  the  facts  of  the  case  are  that  low  grade  syrup  has  brought  almost 
as  much  as  the  finest  quality.  No  improvement  in  production  methods 
can  be  expected  until  a  marketing  system  is  adopted  which  will  re- 
imburse the  producer  of  No.  1  syrup  in  accordance  with  quality. 

The  standardization  of  grades  and  packages  implies  concerted 
action  on  the  part  of  the  producers,  or  on  the  part  of  the  dealers  and 
producers.  With  regard  to  grades  there  is  very  little  to  be  done.  The 
color  standards  which  have  been  promulgated,  together  with  proper 
allowances  for  flavor  and  density,  constitute  a  thoroughly  satisfactory 
grade  standard.  The  standard  must  be  given  publicity,  and  the  sup- 
port of  dealers  and  producers  secured.  Following  this  comes  the 
practical  problem  of  supplying  to  consumers  a  grade  of  pure  syrup — 
uniform  year  after  year  in  color  and  flavor — packed  in  standard  con- 
tainers. In  order  to  secure  and  maintain  uniformity  of  grade  the 
syrup  must  be  processed  and  canned  at  a  central  point. 

The  regular  and  uniform  distribution  of  pure  syrup  and  sugar 
to  the  consumers  can  not  be  accomplished  under  the  present  marketing 
system.  The  farmer  working  as  an  individual  can  not  bring  this  about, 
because  his  marketing  is  necessarily  spasmodic  and  his  product  is  lack- 
ing in  uniformity.  The  greater  part  of  the  syrup  sold  by  the  producer 
direct  to  the  consumer  is  shipped  within  two  months  after  the  sugar 
season.  No  provision  is  made  for  the  demand  which  arises  the  follow- 
ing fall  and  winter.  Efficient  merchandizing  of  the  pure  product  de- 
mands a  uniform  distribution  while  the  demand  is  active. 

To  the  average  manufacturer,  the  pure  syrup  business  is  largely  a 
side  line.  His  efforts  are  naturally  most  strongly  directed  to  the  dis- 
posal of  his  main  product,  which  may  be  commercial  maple  sugar  or 
))lended  syrup.  It  seems  evident  that  only  through  organization  can 
the  producers  hope  to  control  the  distribution  of  their  crop,  or  make 
available  a  regular,  uniform  supi)ly  i)rcventing  gluts  and  shortages. 
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The  problem  of  increasing  the  demand  for  pure  maple  syrup  and 
sugar  actually  exists  and  must  be  met.  It  is  a  problem  which  the  pro- 
ducers must  solve  themselves.  No  one  else  is  interested  in  extending 
the  market  for  Vermont  maple  syrup.  The  dealers  naturally  are  in- 
terested in  making  a  profit.  It  is  immaterial  to  them  whether  they 
handle  Vermont  maple  syrup  or  a  blended  product.  The  consumer 
will  accept  what  he  can  buy  and  no  doubt  consider  it  entirely  satis- 
factory. Now  to  increase  the  demand  for  any  product  the  producers 
must  do  three  things:  They  must  organize,  they  must  standardize, 
and  they  must  merchandize  their  products.  There  does  not  seem  to  be 
any  way  in  which  they  can  avoid  these  activities. 

It  will  be  noted  that  in  this  discussion,  reference  is  made  only  to 
pure  sugar  and  syrup  which  is  relatively  high  in  quality.  So  long  as 
low  grade  syrup  and  sugar  are  produced,  the  manufacturers  of  blended 
syrup,  the  tobacco  manufacturers,  or  dealers  supplying  this  trade  offer 
the  best  market.  The  eflForts  of  a  producers'  organization,  however, 
should  be  directed  towards  increasing  the  production  of  and  extend- 
ing the  market  for  high  quality  products.  It  is  this  class  of  goods 
which  will  bring  them  profitable  returns  and  enhance  reputation. 

The  successful  solution  of  the  problems  already  discussed  presup- 
poses organization  as  the  necessary  first  step.  The  plan  of  organization 
which  follows,  has  been  recommended  to  the  Vermont  producers  and  is 
one  which  it  is  believed  will  best  meet  their  needs.  However,  no  form 
of  organization  will  of  itself  insure  success.  No  organization  can 
operate  successfully  without  efficient  direction  and  the  loyal  support 
of  the  members.  And  if  the  organization  is  to  be  truly  cooperative 
and  successful,  all  of  its  members,  in  so  far  as  their  abilities  and  oppor- 
tunities permit,  must  assist  in  the  solution  of  the  problems. 

Form  of  Organization 

The  basis  of  the  plan  suggested  is  the  local  association,  made 
up  of  producers  using  the  same  shipping  point,  or  residing  in  the  same 
town,  or  in  any  geographical  division  which  will  make  a  compact  unit. 
The  purpose  of  the  local  association  is  to  act  as  a  unit  for  the  dissem- 
ination of  market  information  among  its  members,  information  rela- 
tive to  methods  of  gathering  and  concentrating  sap,  and  other  matters 
of  general  interest.  It  will  also  act  as  an  assembling  and  shipping 
unit,  and  the  secretary  or  manager  of  the  local  association  will  store 
or  ship  the  syrup  as  directed  by  the  central  manager. 

The  local  associations  are  incorporated  with  the  provision  that  the 
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authorized  capital  stock  be  not  more  than  $2,500.  The  par  value  of 
the  shares  has  been  placed  at  $10,  and  each  member  of  the  associa- 
tion must  be  a  stockholder  to  the  extent  of  at  least  one  share.  No 
member  can  hold  more  than  10  percent  of  the  stock  of  the  associa- 
tion and  dividends  are  restricted  to  6  percent. 

In  the  crop  contract  between  the  local  association  and  its  members, 
each  member  agrees  to  loan  to  the  association  upon  demand  an  amount 
equivalent  to  five  cents  for  each  spout  driven  the  previous  season  upon 
the  farm  which  he  now  occupies.  In  return  for  the  loan,  the  associa- 
tion will  issue  certificates  of  indebtedness  payable  in  five  annual 
installments.  This  loan  fund  will  be  used  by  the  local  association  to 
purchase  the  common  stock  of  the  central  exchange. 

The  members  of  the  local  association,  each  of  them  being  entitled 
to  one  vote  irrespective  of  the  amount  of  stock  which  he  owns,  elect 
their  directors,  who  in  turn  will  elect  the  officers  of  the  association. 
The  members  of  the  local  association  will  also  elect  a  director  to  repre- 
sent them  upon  the  board  of  the  central  exchange. 

The  Vermont  Maple  Producers'  Cooperative  Exchange,  Inc.  (the 
central  organization)  is  incorporated  under  that  section  of  the  Vermont 
law  which  makes  provision  for  the  incorporation  of  cooperative  asso- 
ciations. The  common  stock  of  the  exchange  is  owned  by  the  local 
associations.  The  associations  control  absolutely  the  policy  of  the  ex- 
change and  are  thereby  assured  that  it  is  operated  for  their  benefit  and 
the  benefit  of  their  members.  Each  director  holds  the  proxy  of  the 
association  which  he  represents  and  is  entitled  to  one  vote  in  all  meet- 
ings of  the  exchange.  The  directors  elect  from  among  their  own 
members  an  executive  committee,  which  is  charged  with  the  supervi- 
sion of  the  business  of  the  exchange.  The  executive  committee  selects 
a  manager,  who  has  direct  charge  of  processing  and  marketing. 

Marketing  Methods 

The  organized  producers  can  not  be  guided  entirely  by  present 
methods  of  marketing  maple-sap  products.  New  methods  must  be 
developed,  particularly  for  the  sale  of  No.  1  products.  These  can  not 
be  outlined  in  any  detail  at  the  present  time  as  it  is  impossible  to  fore- 
see all  the  conditions  which  may  arise.  In  addition,  it  would  be  a 
mistake  to  attempt  to  make  the  practices  and  policies  of  the  exchange 
conform  to  a  rigid  plan.  The  suggestions  offered  are  in  the  nature  of 
methods  for  immediate  relief,  taking  into  consideration  the  fact  that 
the  industry  is  not  strongly  organized,  is  not  in  a  strong  financial 
position  and  is  lacking  in  marketing  experience. 
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As  has  already  been  mentioned,  syrup  and  sugar  of  poor  quality, 
which  might  be  termed  "bulk  goods,"  should  be  sold  direct  to  Vermont 
dealers.  This  class  of  goods  should  be  disposed  of  as  early  as  pos- 
sible while  the  blenders  and  tobacco  manufacturers  are  in  the  market. 
Possibly  the  producers  will  later  develop  a  more  profitable  market  for 
this  low  grade  product.  It  is  not  inconceivable  that  they  may  even 
enter  the  blended  syrup  business.  Under  present  conditions,  however, 
it  is  a  sound  business  policy  to  dispose  of  it  quickly  for  cash. 

In  regard  to  their  No.  1  product  the  largest  quantity  can  be  dis- 
posed of  in  the  form  of  table  syrup.  For  the  present  the  greater  part 
of  this  product  must  be  sold  through  the  usual  trade  channels,  that  is, 
to  wholesale  grocers  and  retailers.  At  the  same  time  a  hotel  and 
restaurant  trade  can  undoubtedly  be  estabhshed.  The  producers,  how- 
ever, must  go  on  the  market  in  direct  competition  with  other  dealers 
in  pure  syrup.  They  will  make  their  sales  because  the  quality  of  their 
product  is  superior  to  that  of  other  brands,  or  because  they  offer  more 
favorable  prices.  The  wholesalers  and  retailers  offer  the  obvious 
market  for  the  greater  part  of  the  product  and  though  other  outlets 
may  be  developed  later,  they  must  be  depended  upon  to  absorb  a  large 
portion  of  the  product  at  the  present  time. 

At  the  same  time,  a  retail  department  should  be  organized  and  a 
consumer  clientele  established.  This  class  of  business  is  somewhat 
more  costly  to  handle  than  are  sales  to  retailers.  However,  the  re- 
turns to  the  producers  will  be  larger  and,  once  created,  a  market  of 
this  kind  will  be  largely  unaffected  by  conditions  which  cause  depres- 
sions in  the  ordinary  trade  channels.  About  17  percent  of  the  crop 
is  now  being  sold  by  the  producer  directly  to  the  consumer  without 
organization,  and  with  practically  no  advertising.  In  addition,  the 
product  is  compact  and,  for  that  reason,  can  be  shipped  economically 
by  parcel  post  or  express  for  considerable  distances. 

Prevailing  Retail  Practices 

A  survey  to  determine  the  prevailing  practices  in  marketing  maple- 
sap  products  was  made  in  Philadelphia,  New  York  and  Boston  during 
the  spring  of  1922.  At  this  time  syrup  manufacturers,  brokers,  commis- 
sion merchants,  wholesale  grocers  and  retailers  were  visited.  No  at- 
tempt will  be  made  to  discuss  separately  conditions  found  in  each  city. 
In  general,  a  much  more  active  demand  was  found  in  Boston  than  in 
Philadelphia,  with  New  York  about  midway  between  the  two. 

The  survey  determined  first  of  all  that  the  demand  for  pure  maple 
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syrup  is  confined  largely  (a)  to  comparatively  wealthy  customers  served 
by  fancy  grocers,  and  (b)  to  individuals  reared  in  maple-sap  districts, 
or  accustomed  to  maple  products  since  childhood.  This  latter  class, 
in  many  instances,  orders  directly  from  the  producers.  The  wealthy 
purchasers  of  maple  products  buy  from  their  grocers. 

At  the  same  time  pure  maple  syrup  is  sold  in  many,  but  not  all, 
chain  stores  and  grocery  stores  serving  people  in  moderate  circum- 
stances. However,  the  amount  sold  in  stores  of  this  kind  is  very  much 
less  than  the  quantity  of  cane  and  blended  syrup  sold  during  the  same 
period.  The  syrup  man  for  a  system  of  1,200  chain  groceries  with 
headquarters  in  Philadelphia  stated  that  their  sales  of  pure  maple 
syrup  were  %oo  of  their  cane  and  blended  syrup  sales.  Another  chain 
of  5,200  retail  stores,  located  north  of  the  t^otomac  and  Ohio  Rivers, 
reports  that  their  sales  for  last  year  were  approximately  25,000  cases 
(2  dozen  11-ounce  bottles)  of  pure  maple  syrup,  25,000  cases  of  maple 
blend  and  200,000  cases  of  other  syrups. 

These  stores  and  others  of  the  same  class  attribute  the  greater  sales 
of  cane  syrups  entirely  to  the  lower  price.  A  comparison  of  the  prices 
asked  for  maple  syrup  and  for  other  syrup  is  shown  in  table  8.  The 
25  stores  represented  in  this  table  were  chain  stores,  or  small  groceries 
catering  to  people  in  moderately  comfortable  circumstances.  All  sold 
syrup  of  some  kind,  but  pure  maple  goods  were  found  in  only  four. 

The  high  class  hotels  and  restaurants  are  also  customers  for  pure 
maple  syrup.  However,  they  do  not  use  the  quantity  of  syrup  that  is 
commonly  supposed.  Each  of  the  large,  first-class  hotels  in  New  York 
City  consumes,  on  the  average,  about  300  gallons  of  maple  syrup  an- 
nually. These  hotels  must  have  a  light  colored  syrup,  made  from  the 
"first-run"  sap  and  put  up  in  gallon  cans. 

The  fancy  groceries  catering  to  the  best  trade  for  the  most  part 
prefer  maple  syrup  in  cans  and  in  quart,  half -gallon  and  gallon  pack- 
ages. The  small  stores  prefer  syrup  in  bottles,  and  in  smaller  units. 
An  11-ounce  bottle  appears  to  be  the  most  popular  size.  These  trade 
preferences  are  well  established.  Particularly  is  it  necessary  to  furnish 
the  small  groceries  with  syrup  in  a  small  container,  as  the  majority  of 
their  customers  purchase  supples  from  day  to  day  and  do  not  care  to 
have  a  large  quantity  on  hand.  Figure  8  represents  graphically  the 
highest,  lowest,  and  average  price  charged  for  maple  syrup  in  various 
sizes  and  styles  of  containers  in  20  retail  groceries  located  on  Fifth 
Avenue,  Madison  Avenue,  Park  Avenue,  and  Lexington  Avenue, 
between  54th  and  104th  Streets,  New  York  City.  Out  of  40  stores 
visited,  only  the  20  represented  in  figure  8  handle  pure  maple  syrup. 
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The  intensity  of  the  demand  for  pure  maple  products  is  deter- 
mined also  by  the  price  of  cane  sugar.  If  the  price  of  cane  sugar  is 
high,  the  price  of  cane-sugar  syrup  is  high,  and  the  use  of  pure  maple 
products  will  be  encouraged.  This  situation  existed  during  the  war 
and  the  two  years  immediately  following.  At  this  time  prices  paid  for 
maple  sugar  and  syrup  reached  unprecedented  heights.  At  the  present 
time,  the  price  of  cane  sugar  is  lower  than  it  has  been  in  years,  and 
cane-sugar  syrup  can  be  manufactured  at  a  low  cost. 

It  is  evident  that  at  present  only  a  comparatively  small  percent- 
age of  the  people  in  the  United  States  will  buy  maple  products  at  a 
price  greatly  in  excess  of  that  at  which  cane  and  corn  products  may  be 
obtained.  At  the  same  time  it  has  been  shown  that  maple  syrup  can 
not  be  profitably  produced  at  a  competitive  price  level. 

The  desire  for  pure  maple-sap  products,  therefore,  must  be  stimu- 
lated by  carefully  directed  publicity.  So  long  as  the  producers  were 
not  organized  it  was  impossible  to  take  this  step.  Following  organiza- 
tion it  is  necessary  to  secure  a  standard  article  and  to  bring  this  about 
necessitates  only  adherence  to  grade  standards  already  established. 
With  the  establishment  of  grades,  maintained  and  guaranteed  by  or- 
ganized producers,  it  is  possible  to  benefit  by  an  advertising  campaign. 

The  production  of  maple  sugar  and  syrup  has  a  strong  hold  on  the 
imagination  of  many  people.  Stories  concerning  syrup  making  are  al- 
ways interesting  reading,  particularly  if  these  are  illustrated  with  forest 
scenes  showing  the  maple  sap  being  collected  and  evaporated.  No 
doubt  many  such  illustrations  would  be  used  in  Sunday  newspapers. 

An  educational  motion  picture  which  tells  the  story  of  maple  syrup 
and  sugar  manufacture  would  be  very  helpful.  If  made  available  with- 
out charge,  it  would  be  shown  in  many  moving  picture  theatres  in  the 
course  of  a  year-  Such  a  motion  picture  could  not  fail  to  persuade 
many  who  know  little  about  pure  maple-sap  products  to  become 
tentative  and  perhaps  permanent  customers. 

All  this  publicity  can  be  obtained  at  comparatively  little  cost  by 
reason  of  the  "news  interest"  of  the  product.  The  producers  of 
course  must  take  advantage  of  this  publicity  by  advertising  their  own 
trade-mark  to  the  public.  Whether  such  advertising  is  national  or 
local  would  of  qourse  depend  upon  the  quantity  of  the  products  to  be 
handled,  and  the  results  determined  by  a  survey  of  the  situation  made 
by  a  trained  advertising  specialist. 
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Summary 

1.  In  spite  of  the  high  reputation  of  Vermont  maple  sugar  and 
syrup,  the  demand  for  these  products  has  not  kept  pace  with  popula- 
tion, or  with  the  increased  consumption  of  sweets  by  the  American 
people.  Pure  maple  syrup  has  been  supplanted  by  cane-sugar  or  corn 
syrups  and  by  blended  syrups.  A  large  proportion  of  the  wholesale 
and  retail  trade,  and  most  consumers,  are  ignorant  of  or  indifferent  to 
pure  maple  goods.  This  condition  is  due  largely  to  the  fact  that  the 
industry  has  not  been  organized  systematically  to  market  its  proiucts. 

2.  At  the  present  time,  at  least  two-thirds  of  the  Vermont  pro- 
duction is  sold  in  bulk,  and  used  for  flavoring  purposes.  As  bulk 
products,  Vermont  maple  syrup  and  sugar  have  been  sold  at  low 
prices,  except  during  periods  of  cane  sugar  scarcity,  and  the  tendency 
has  been  to  pay  little  attention  to  quality. 

3.  These  conditions  provide  a  marketing  problem  of  real  difficulty. 
The  Vermont  producers  can  not  safely  assume  that  the  reputation  of 
their  maple-sap  products  makes  an  organized  marketing  effort  unneces- 
sary. Such  an  assumption  has  been  partially  responsible  for  their 
failure  successfully  to  market  their  products  in  the  past.  Although 
many  consumers  are  aware  of,  and  accept  for  the  most  part,  the  tradi- 
tional reputation  for  high  quality  which  Vermont  maple-sap  products 
possess,  something  more  than  tradition  is  necessary  to  convert  any 
number  of  them  into  customers. 

4.  The  producers  have  a  vital  interest  in  the  conditions  under 
which  their  maple-sap  products  are  marketed.  The  existence  of  their 
industry  and  their  own  welfare  demand  that  9^11  of  their  products  be 
sold  at  profitable  average  prices.  No  other  class — ^neither  the  dealers, 
the  wholesale  and  retail  trade,  nor  the  general  public — has  the  same 
vital  interest  in  marketing  conditions  as  have  the  producers,  and  can 
not  be  expected  to  take  active  steps  to  improve  conditions.  Such 
action  must  be  taken  by  the  producers  themselves,  and  presupposes 
organization.  The  formation  of  the  Vermont  Maple  Products  Co- 
operative Exchange,  Inc.,  is  the  first  step  toward  better  marketing. 

5.  The  second  step  toward  better  marketing  is  the  adoption  and 
maintenance  of  standard  grades.  Satisfactory  grade  standards  have 
already  been  promulgated.  These  must  be  maintained  and  guaranteed 
by  the  organized  producers  in  order  that  their  customers  may  have 
the  fullest  confidence  in  their  products  and  their  business  methods.  At 
the  same  time  an  educational  campaign  should  be  carried  on  to  improve 
farm  processing  practices  and  to  increase  the  high  quality  output. 
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6.  Merchandizing  methods,  which  include  advertising,  must  be 
developed.  Maple-sap  products  must  be  prepared  in  a  form  and 
packed  in  containers  which  will  meet  the  needs  of  consumers  and  at- 
tract new  customers.  It  is  essential  that  demand  for  Vermont  maple- 
sap  products  be  extended  and  strengthened  and  a  systematic  advertis- 
ing campaign  is  necessary  to  accomplish  this. 

7.  The  traditional  reputation  of  Vermont  maple  sugar  and  syrup, 
and  the  nature  of  the  product,  makes  it  possible  to  develop  many  suc- 
cessful merchandizing  methods.  However,  only  such  marketing  prac- 
tices as  are  comparatively  simple  and  possible  of  immediate  adoption 
are  recommended  in  this  bulletin.  As  a  matter  of  sound  business 
])olicy,  a  newly  organized  association  of  necessity  concerns  itself  largely 
with  the  problems  that  are  most  pressing,  and  the  methods  adopted 
should  be  those  which  are  most  direct  and  which  have  passed  the  ex- 
perimental stage.  It  is  difficult,  at  this  time,  to  indicate  in  any  detail 
the  future  marketing  practices  of  the  maple-sap  producers  because  it 
is  impossible  to  foresee  the  trend  of  their  business.  As  the  organized 
producers  gain  strength  and  experience  their  merchandizing  and  busi- 
ness practices  will  undoubtedly  develop  through  a  process  of  evolution 
along  lines  that  are  substantial  and  sound. 

APPENDIX 

ARTICLES  OP  ASSOCIATION  FOR  LOCAL  ASSOCIATIONS 
Articles  of  Association  of  the 


Cooperative  Association,    Inc. 


We,  the  undersigned,  do  hereby  voluntarily  associate  ourselves  together 
as  a  cooperative  corporation  under  the  laws  of  the  State  of  Vermont  and 
have  adopted  the  following  articles  of  association,  viz. : 

Article  I 


The  name  of  this  corporation  shall  be 
Cooperative  Association,  Inc. 


Article  II 


The  purposes  for  which  this  corporation  are  formed  are: 
To  encourage  better  and  more  economical  methods  of  drawing  and 
evaporating  maple  sap;  to  provide  better  facilities  and  agencies  through 
which  the  product  of  its  members  may  be  processed,  canned,  bottled,  graded, 
packed,  advertised,  marketed  and  distributed,  upon  a  uniform  plan  and  in 
such  manner  as  to  bring  about  higher  standards  of  quality  and  wider  and 
more  uniform  distribution;  to  cultivate  and  develop  a  cooperative  spirit 
within  the  producing  communities,  and  to  perform  any  other  work  or  service 
which  may  tend  to  further  and  safeguard  the  general  interest  of  the  business, 
the  industry,  and  the  members  of  this  Association.    This  Association  is  or- 
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ganized  for  the  purpose  of  mutual  help  in  the  accomplishment  of  each  of  the 
purposes  set  forth  herein  and  is  not  to  be  conducted  or  operated  for  profit. 

To  act  as  agent  for  stockholders  in  the  handling,  processing,  manufac- 
turing, preparing  for  market,  and  sale  and  disposal  of  maple  sap  and  all 
products  thereof  in  every  form  whatsoever. 

To  purchase  from  its  stockholders  or  others  maple  sap  or  any  of  the 
products  thereof,  and  to  handle,  process,  manufacture  and  prepare  such 
maple  sap  and  products  thereof  for  market,  and  to  sell  and  dispose  of  the 
same. 

To  purchase,  lease,  hire  or  otherwise  acquire  any  lands,  tenements, 
warehouses,  plants,  machinery-,  or  other  property,  and  to  acquire,  erect  and 
construct  and  reconstruct  any  buildings,  warehouses,  plants,  machinery,  or 
other  things  necessary  or  convenient  for  the  accomplishment  of  its  purpose. 

To  borrow  money,  and  to  pledge,  mortgage  or  hypothecate  corporate 
property,  and  to  execute  all  papers  and  do  all  other  things  necessary  or 
expedient  for  the  transaction  of  its  business;  and  to  make  advances  to  its 
stockholders. 

To  do  each  and  everything  necessary,  suitable  or  proper,  and  by  any 
lawful  means  and  agencies,  for  the  accomplishment  of  any  of  the  purposes, 
or  the  attainment  of  any  one  or  more  of  the  objects  herein  enumerated,  or 
which  shall  at  any  time  appear  conducive  to  or  expedient  for  the  business, 
protection,  or  benefit  of  this  corporation. 

Article  III 

The  principal  place  of  business  of  this  corporation  shall  be  located  at 

in  the  county  of 

in  this  State. 

Abticle  IV 

The  capital  stock  of  this  corporation  shall  be  Twentt-Five  Hcxdbed 
DoLLABS,  divided  into  250  shares  of  the  par  value  of  Ten  Dollars  each.  No 
shareholder  shall  hold  shares  of  a  greater  par  value  than  $250. 

ABTICI£  V 

Each  common  stockholder  shall  have  one  vote  and  only  one  vote  in  all 
matters  pertaining  to  the  management  of  the  corporation  without  regard 
to  the  number  of  certificates  or  shares  of  stock  held  by  him,  and  a  state- 
ment to  this  effect  shall  appear  on  the  face  of  all  certificates  of  stock. 

Abticle  VI 

The  interest  or  dividends  on  the  paid-up  capital  stock  of  the  corporation 
shall  not  exceed  six  percent  per  annum. 

Article  VII 

There  shall  be  set  aside  annually  not  less  than  10  percent  of  the  net 
profits  of  the  corporation  for  a  reserve  fund  until  there  is  accumulated  a 
fund  of  not  less  than  30  percent  of  the  paid-up  capital  stock. 

Article  VIII. 

The  remainder  of  the  earnings  or  any  part  thereof  shall  be  distributed 
by  a  uniform  dividend  upon  the  amount  of  purchases  or  sales  through  the 
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corporation  by  the  shareholders,  or  the  amount  of  raw  material  furnished  to 
or  business  done  through  the  corporation  by  the  shareholders,  after  deduct- 
ing all  charges  and  expenses;  said  net  profits  or  earnings  shall  be  distributed 
as  often  as  once  In  twelve  months. 

Article  IX 

Not  more  than  10  percent  of  the  capital  stock  of  such  corporation  shall 
be  owned  by  any  one  member. 

Article  X 

We  hereby  waive  all  requirements  of  the  statutes  of  Vermont  for  notice 

of  the  first  meeting  for  organization,  and  appoint 

as  the  time 

and  place  of  holding  said  first  meeting. 

Dated  at In  the  county  of this 

day  of.. A.  D.  19 

The  names  and  residences  of  the  incorporators  and  the  amount  of  stock 
subscribed  by  each  are  as  follows: 

NAME  RESIDENCE  AMOUNT 


LOCAL  ASSOCIATION  BY-LAWS 
By-Laws  of  the Cooperative  Association,  Inc. 

Article  I. — Name,  etc. 

Section  1.  The  name,  place  of  business,  capital  stock  and  purposes  of 
this  corporation  are  set  forth  In  Its  articles  of  association  which  are  referred 
to  and  made  a  part  of  these  by-laws  to  the  same  extent  and  effect  as  though 
written  herein. 

Article  II. — Membership 

Section  1.  Any  bona  fide  producer  of  maple-sap  products,  and  land- 
lords who  directly  or  Indirectly  receive  rent  In  maple-sap  products  in  any 
territory  tributary  to  the  shipping  points  of  this  Association  may  become  a 
member  of  the  Association  If  acceptable  to  the  Board  of  Directors  by  agree- 
ing to  comply  with  the  requirements  of  these  by-laws  and  by  purchasing  one 
or  more  shares  of  stock. 

Sec  2.  At  any  time  that  the  Board  of  Directors  in  its  discretion  de- 
termines that  a  member  has  ceased  to  be  a  bona  fide  producer  of  maple-sap 
products,  or  in  the  event  that  a  member  shall  remove  from  the  territory 
tributary  to  the  shipping  point  of  this  Association,  the  Association  may 
through  its  Board  of  Directors  elect  to  purchase  his  shares  of  stock  and 
cancel  his  membership  upon  tender  to  him  of  the  book  value  of  his  shares, 
together  with  any  interest  or  refund  due  and  unpaid  less  any  indebtedness 
then  due  the  Association.  The  substance  of  this  by-law  shall  appear  on  all 
certificates  of  stock. 
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Article  III. — Fiscal  Year,  Meetings. 

Section  1.  The  fiscal  year  of  the  Association  shall  commence  January 
1st  and  end  on  December  31st. 

Sec.  2.    All  meetings  of  the  stockholders  shall  be  held  at  the  office  of 

the  Association  In  the'  town  of ,  Vermont.    Directors* 

meetings  shall  be  held  at  said  office,  unless  the  call  therefor  specifies  some 
other  place  of  meeting. 

Sec.  3.    Regular  annual  meetings  of  the  stockholders  or  members  shall 

be  held  on  the day  of in  each  year,  at 

o'clock  in  the noon. 

Sec.  4.  Special  meetings  may  be  called  at  any  time  by  the  President 
He  shall  call  such  meetings  whenever  one-fifth  of  the  members  shall  so 
request  in  writing. 

Sec.  5.  Notice  of  the  annual  meeting  shall  be  mailed  by  the  Secretary  to 
each  member  at  least  ten  days  previous  to  the  date  of  meeting,  and'  such 
notice  shall  be  published  in  a  local  newspaper  not  less  than  five  days  previous 
to  the  date  of  meeting.  At  least  five  days  before  the  date  of  any  special 
meeting  the  Secretary  shall  mail  notice  of  such  meeting  to  each  member, 
which  shall  state  the  nature  of  the  business  to  be  transacted  at  such  meeting. 

Article  IV. — Quorum 

Section  1.  One-fourth  of  the  members  In  good  standing  shall  constitute 
a  quorum  for  the  transaction  of  business  at  any  meeting. 

Article  V. — Directors  and  Officers 

Section  1.  There  shall  be  elected  annually  from  the  members  of  the 
Association  a  board  of  five  directors.  The  members  shall  also  annually 
elect  a  clerk,  who  shall  be  a  member  and  who  shall  be,  ex-offlcio.  clerk  of  the 
board  of  directors.  Directors  shall  hold  office  for  one  year  and  until  their 
successors  are  elected,  qualified  and  have  entered  upon  the  discharge  of  their 
duties.  Vacancies  in  the  offices  of  directors,  and  clerk,  shall  be  filled  for 
the  unexpired  term  by  the  members  at  an  annual  meeting  or  a  special 
meeting  called  for  that  purpose.  But  the  directors  may  appoint  a  member 
to  fill  such  vacancy  until  such  annual  or  special  meeting  can  be  held. 

Sec.  2.  The  Board  of  Directors  shall  meet  within  ten  days  after  the 
first  election  and  after  each  annual  election,  and  shall  elect  by  ballot  a 
president,  and  a  vice-president  from  among  themselves,  and  a  treasurer 
who  may  or  may  not  be  a  member  of  the  Association.  They  shall  also  choose 
three  auditors  from  the  members  who  shall  not  hold  any  other  office  in  the 
Association.  Such  officers  and  auditors  shall  hold  office  for  one  year  or 
until  their  successors  are  duly  elected  and  qualified.  Any  vacancy  in  the 
offices  of  president,  vice-president,  treasurer  and  auditors  shall  be  filled  for 
the  unexpired  term  by  the  remaining  directors.  Officers  so  appointed  to 
fill  vacancies  shall  hold  office  until  the  next  annual  meeting  or  until  their 
successors  are  duly  elected  and  qualified. 

Sec.  3.  Three  members  of  the  Board  of  Directors  shall  constitute  a 
quorum  at  any  meeting  of  the  board. 

Sec.  4.  Any  director  or  the  Clerk  of  the  Association  may,  for  cause,  at 
any  annual  or  at  any  special  meeting  called  for  the  purpose,  at  which  a 
majority  of  the  members  shall  be  present,  be  removed  from  office  by  vote  of 
not  less  than  two-thirds  of  the  members  present.  Such  director  or  officer 
shall  be  informed  in  writing  of  the  charges  at  least  five  days  before  such 
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meeting  and  at  such  meeting  shall  have  an  opportunity  to  be  heard  in  per- 
son, by  counsel  and  by  witnesses,  in  regard  thereto.  The  Board  of  Directors 
may  summarily  remove  any  officers  elected  or  appointed  by  them. 

Sec.  5.  The  members  of  this  Association  may  at  any  annual  meeting  or 
at  any  special  meeting  following  a  notice  served  as  herein  provided  elect  a 
director  of  the  Vermont  Maple  Products  Cooperative  *  Exchange  who  shall 
represent  and  act  for  this  Association  in  all  of  its  affairs  pertaining  to  said 
Exchange  and  shall  hold  office  for  the  period  specified  in  the  by-laws  of  the 
Exchange. 

Article  VI. — Duties  of  Directors, 

Section  1.  The  Board  of  Directors  shall  manage  the  business  and  the 
affairs  of  the  Association  and  make  the  necessary  rules  and  regulations,  not 
inconsistent  with  law  or  with  these  by-laws,  for  the  management  of  the 
business  and  the  guidance  of  the  officers,  employees  and  agent  of  the  Asso- 
ciation. 

Sec.  2.  The  Board  of  Directors  of  this  Association  are  hereby  authorized 
to  employ  such  agents,  employees  and  persons  as  shall  be  necessary  for 
carrying  on  the  work  of  the  Association,  to  define  and  prescribe  their  duties, 
to  fix  their  compensation  and  discharge  them. 

Sec  3.  The  Board  of  Directors  shall  require  the  Treasurer  and  all  other 
officers,  agents  and  employees  charged  by  the  Association  with  responsibility 
for  the  custody  of  any  of  its  funds  or  property,  to  give  bond  with  sufficient 
surety  for  the  faithful  performance  of  their  official  duties. 

Sec.  4.  The  Board  of  Directors  shall  meet  on  the  first  and  third  Satur- 
days of  each  month  during  the  sap-fiowing  period  and  at  other  periods  as 
often  as  may  be  deemed  necessary  by  the  Board  of  Directors.  Special  meet- 
ings of  the  board  shall  be  held  upon  call  of  the  President  or  upon  written 
request  of  three  members  of  the  board. 

Article  VII. — Duties  of  the  Officers 

Section  1.  The  President  shall  (a)  preside  over  all  meetings  of  the 
Association  and  of  the  Board  of  Directors;  (&)  call  special  meetings  of  the 
Association  and  of  the  Board  of  Directors  and  perform  all  acts  and  duties 
usually  required  of  an  executive  and  presiding  officer;  (c)  shall  sign  as 
President,  with  the  Treasurer,  all  notes,  deeds,  mortgages,  contracts,  and 
other  instruments  except  checks,  on  behalf  of  the  Association. 

Sec  2.  In  the  absence  or  disability  of  the  President,  the  Vice-President 
shall  preside  and  perform  the  duties  of  the  President. 

Sec.  3.  The  Clerk  shall  keep  a  complete  record  of  all  meetings  of  the 
Association  and  of  the  Board  of  Directors.  He  shall  give  all  notices  re- 
quired by  law  and  these  by-laws,  in  the  manner  therein  or  herein  indicated. 
He  shall  be  the  custodian  of  the  corporate  seal.  He  shall  keep  a  complete 
record  of  all  business  of  the  Association  and  make  a  full  report  of  all  matters 
and  business  pertaining  to  his  office  to  the  members  at  their  annual  meeting 
and  make  all  other  reports  required  by  law.  He  shall  perform  such  other 
duties  as  may  be  required  of  him  by  the  Association  or  the  directors. 

Sec  4.  The  Treasurer  shall  receive  and  disburse  all  funds  and  be  the 
custodian  of  all  property  of  the  Association.  He  shall  sign  as  Treasurer  all 
checks,  and,  with  the  President,  all  notes,  deeds,  mortgages,  contracts  and 
other  instruments  (except  checks)  on  behalf  of  the  Association.  He  shall 
make  a  full  report  of  all  matters  of  business,  including  the  keeping  and 
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reporting  a  true  and  accurate  account  of  funds,  pertaining  to  his  office;  such 
reports  to  be  made  to  the  members  regularly  at  their  annual  meeting,  and 
at  other  times  when  called  for  by  the  members  or  directors.  He  shall  per- 
form such  other  duties  as  may  be  required  of  him  by  the  Association  or  the 
directors. 

Abticle  VIII. — Finance 

Section  1.  At  the  time  of  uniting  with  the  Association  or  at  any  time 
thereafter,  when  called  upon  by  the  Board  of  Directors,  each  member  shall 
loan  or  execute  a  negotiable  note  to  the  Association  for  an  amount  equivalent 
to  five  cents  per  spout  for  each  and  every  spout  driven  during  the  season  last 
past  by  the  member  or  upon  the  farm  which  the  member  now  owns,  or  oc- 
cupies. The  money  obtained  in  this  manner  shall  go  into  a  special  loan 
fund  and  receipts  therefor  shall  be  issued  in  the  form  of  certificates  of  in- 
debtedness. If  this  loan  is  made  in  the  form  of  a  negotiable  note  no  cer- 
tificates of  indebtedness  shall  be  issued  to  the  maker  of  such  a  note  until  the 
same  has  been  paid  in  full.  This  loan  fund  may  be  used  to  purchase  shares 
of  stock  in  the  Vermont  Maple  Products  Eilchange  and  the  balance  thereof 
may  be  employed  as  the  Board  of  Directors  may  direct  for  furthering  the 
interest  of  the  Association. 

Sec.  2.  For  the  purpose  of  providing  finances  to  cover  maintenance, 
operation  and  to  provide  sufficient  funds  to  cover  depreciation,  retire  loans 
and  create  a  working  fund,  the  Association  shall  receive  the  proceeds  of  all 
sales  made  by  it  for  its  members  and  shall  deduct  a  percentage  assessment 
on  the  products  sold  through  the  Association,  the  amount  of  such  percentage 
to  be  fixed  by  the  Board  of  Directors. 

Sec.  3.  Certificates  of  indebtedness,  as  herein  provided,  shall  draw  in- 
terest at  the  rate  of  five  percent  per  annum. 

Sec.  4.  At  the  end  of  each  fiscal  year  each  member  shall  receive  a  cer- 
tificate showing  the  amount  of  money  which  he  has  paid  during  the  year 
toward  the  retirement  of  the  special  loan  funds  and  for  other  purposes  as 
set  forth  in  Sections  1  and  2  of  this  Article. 

Abticle  IX. — Grading  and  Inspection 

Section  1.  All  products  offered  by  the  members  for  sale  through  the 
Association  shall  be  delivered  to  the  Association,  as  directed  by  the  Manager, 
in  prime  condition  for  grading,  processing  and  shipping. 

Sec.  2.  All  maple-sap  products  offered  for  sale  and  shipment  shall  be 
inspected  before  shipment  and  if  any  packages  or  containers  shall  be  found 
to  be  in  bad  condition  they  shall  be  prepared  for  shipment  at  the  expense 
of  the  owner. 

Abticle  X. — Contracts 

Section  1.  Every  member  of  this  Association  shall  enter  into  a  contract 
with  the  Association  covering  the  sale  of  his  maple  products  and  in  the 
form  required  by  the  Board  of  Directors. 

Abticle  XI. — Dnties  and  Rights  of  Members 

Section  1.  A  member  shall  have  the  right  to  give  away  or  retain  for 
his  own  use  such  of  his  maple  products  as  he  may  wish,  but  he  shall  not 
sell  any  product  contracted  to  the  Association  to  an  outside  party,  except 
products  offered  to  and  rejected  by  the  Association. 
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Sec.  2.  Each  member  shall  have  a  number  or  mark  which  will  be  at- 
tached to  every  barrel,  cask,  drum,  or  other  container  filled  by  him  or  under 
his  direction  for  shipment  and  sale  through  the  Association. 

Sec.  3.  Each  member  of  the  Association  shall  have  only  one  vote.  This 
shall  not  be  exercised  except  when  all  debts  and  dues  owed  by  him  to  the 
Association  have  been  fully  paid.  Voting  by  proxy  shall  not  be  permitted. 
Except  in  the  case  of  the  removal  of  a  director  or  officer,  as  provided  in 
Article  V,  Section  4  of  these  by-laws,  absent  members  may  vote  on  specified 
questions  by  ballots  transmitted  to  the  Secretary  of  the  Association  by  regis- 
tered mail,  and  such  ballots  shall  be  counted  only  in  the  meeting  at  the  time 
at  which  such  vote  is  taken. 

Sec.  4.  Membership  in  the  Association  shall  be  continuous,  but  after 
three  years'  membership  any  member  may  withdraw  from  the  Association 
on  December  1  of  any  year,  by  giving  written  notice  of  such  withdrawal  at 
least  ten  days  before  withdrawal.  Such  withdrawal,  however,  shall  not 
afiTect  any  right  or  lien  which  the  Association  has  against  the  retiring  mem- 
ber or  his  property  until  his  indebtedness  to  the  Association  is  fully  paid, 
nor  release  him  from  the  necessity  of  delivering  to  the  Association  any 
maple  products  under  contract. 

Sec.  5.  Any  member  having  a  grievance  or  complaint  against  the  Asso- 
ciation may  appeal  to  the  Board  of  Directors.  No  member  shall  be  suspended 
or  expelled  or  deprived  of  the  benefits  of  the  Association  without  having 
charges  preferred  against  him,  reasonable  notice  thereof  having  been  given 
and  a  hearing  before  the  Board  of  Directors  at  which  he  may  offer  witnesses. 

Article  XII. — Expenses  and  Payments 

Section  1.  The  expenses  of  operating  the  Association  shall  be  met  by  a 
percentage  charge  laid  upon  returns  for  products  sold  or  by  a  uniform  fixed 
price  per  pound  or  per  gallon  and  the  amount  of  such  charges,  and  fixed 
price  per  pound  or  gallon  shall  be  fixed  by  the  Board  of  Directors. 

Sec.  2.  All  maple  products  of  the  same  nature  and  grade  shall  be  settled 
for  upon  the  average  price  basis  during  such  periods  as  the  Board  of  Directors 
may  determine.  Partial  payments  for  such  products  shall  be  made  from 
time  to  time  as  the  market  sales  and  collections  justify  and  full  payment 
shall  be  made  at  the  end  of  such  period. 

Abticle  XIII. — Miscellaneous 

Section  1.  The  seal  of  the  Association  shall  be  circular  in  form  with  an 
outer  border  and  the  name  of  the  Association  around  Its  periphery  and  the 
figures  "1922"  in  the  center. 

Sec.  2.  Any  member  who  fails  to  live  up  to  his  agreement,  or  fails  or 
refuses  to  deliver  to  the  Association  for  sale  the  pledged  products,  shall  pay 
to  the  Association  as  liquidating  damages,  the  sum  of  fifty  cents  for  each 
gallon  of  syrup  or  the  equivalent  of  a  gallon  of  syrup  in  sap  or  sugar,  not 
delivered  by  him,  said  sum  may  be  deducted  from  any  money  in  the  posses- 
sion of  the  Association  due  the  member. 

Sec.  3.  This  Association  shall  install  a  standard  system  of  accounts, 
and  provide  other  accounting  appurtenances  that  may  be  necessary  to  con- 
duct the  business  in  safe  and  orderly  manner. 

Sec.  4.  The  books  and  business  of  the  Association  shall  be  audited 
annually  by  the  auditors  selected  from  the  membership.  A  complete  annual 
audit  shall  be  made  by  a  competent  accountant  previous  to  the  date  of  each 
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annual  meeting,  at  which  meeting  his  report  shall  be  presented  in  full. 
Special  audits  shall  be  made  upon  order  of  the  Board  of  Directors  or  upon 
a  majority  vote  of  the  members  at  any  regular  or  called  meeting. 

Seo.  5.  This  Association  shall  endeavor  to  cooperate  with  other  farmers' 
cooperative  associations  in  this  locality  in  securing  the  services  of  a  com- 
petent accountant  for  its  annual  audit. 

Artici^  XIV. — Amendments 

Section  1.  These  by-laws  may  be  altered,  amended,  or  repealed  at  any 
corporate  meeting  by  the  affirmative  vote  of  two-thirds  of  the  members  pres- 
ent, provided  that  notice  of  such  proposed  alteration,  amendment  or  repeal 
is  included  in  the  call  for  said  meeting. 


tabu:  1. — PRODUCTION  C-?  MAPI^  SUGAR  AND  SYRUP  IN  VERMONT,  1889,  1899,  1909   AND  1919. 

UNITED  STATES   CENSUS  REPORTS 


1889 


1899 


1909 


County 

Addison 

Bennington 

Caledonia 

Chittenden 

Essex 

Franklin 

Grand  Isle 

Lamoille 

Orange 

Orleans 

Rutland 

Washington 

Windham 

Windsor 

Total  for 
State 


Pounds 
sugar 

416,878 
247,371 

1,685,764 
738,350 
823,146 

1,970,946 
10,935 

1,265,106 

1,175,145 

2,108,537 
499,677 

1,760,310 
821,947 

1,099,809 


Gallons 
syrup 

3,221 

24,467 

10,434 

11,102 

738 

4,652 
144 

3,494 
12,813 

1,808 
39,252 
21,002 
66,363 
18,762 


I'ounds 
sugar 

166,170 
69.850 
580,140 
277,560 
113,570 
913,000 
1,020 
470,210 
197,240 
992,690 
129,020 
373,240 
277,310 
218,850 


Gallons 
syrup 

1,255 
20,564 

2,279 
14,378 

2,625 

15,908 

30 

4,4G0 

6,007 

4,683 
24,463 

6,034 
49,588 

8,644 


Pounds 
sugar 

231,478 
42,615 
978,863 
225,766 
159,002 

1,584.476 

2,755 

835,286 

448,492 

1,902,438 
152.615 
645,860 
226,713 
290,458 


Gallons 
s>'rup 

23,126 
35,706 
13,646 
47,536 
8,846 
42,866 
694 
20,148 
18,787 
12,320 
57,921 
16,601 
74.168 
37,588 


19 

Pounds 
sugar 

215,899 

15,146 

872,417 

163,615 

101,326 

845,211 

2,409 

853,440 

478,284 

1,669,559 

86,492 

617,718 

71,055 

269,163 


19 
Gallons 

SJTUP 

25,8GS 
40,135 
16,412 
61,326 
10,194 
136.124 
147 
14.632 
41.285 
15,039 
83,190 
24.846 
86,498 
76,233 


14,123,921  218,252   4,779,870  160,918   7,726,817  409,953   6,251,734  631.924 


TABLE  2.* — MAPLE  SUGAR  AND  SYRUP  PRODUCTION   IN   13   STATES,    1920,  1919,   1918 

AND    1909 

Trees  Sugar  Syrup  Average  per  tree 

State  and  year             tapped  made  made  As  sugar  As  syrup 

Number  Pounds  Gallons  Pounds  Gallons 

Maine: 

1920  320,000  35.840  59,520  1.6  0.20 

1919  304,000  63,232  41,496  1.3  .16 

1918  290,000  46,400  52,200  1.6  .20 

1909  252,764  15,388  43,971  1.45  .18  . 

I^ew  HamDshire* 

1920    930,000  334,800  167,400  1.8  .  .22 

1919    870,000  445,440  118,320  1.6  .20 

1918    870,000  556,800  147,900  2.0  .26 

1909    792,147  558,811  111,500  1.83  .23 

Vermont: 

1920    5,665,000  3,965,000  900,000  2.0  .25 

1919    5,665,000  4.894,560  521,180  1.6  .20 

1918    5,500,000  6,236,000  664,100  2.10  .26 

1909    5,585,632  7,726,817  409,963  1.98  .25 

» Figures  for   1909   are  from  the   United  States  census ;  all  others  are  based 
upon  reports  from  field  agents  and  correspondents  of  the  Bureau  of  Crop  E«8timates. 
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TABLE   2. — MAPLE   SUGAR  AND   SYRUP  PRODUCTION    IN    13    STATES,    1920,    1919,    1918 

AND  1909 — Concluded 
Trees  Sugar  Syrup  Average  per  tree 

State  and  year  tapped                 made                made           As  sugar    As  syrup 

Number  Pounds  Gallons         Pounds        Gallons 

Massachusetts: 

1920    309,500 

1919    273.900 

1918    273.900 

1909    256.501 

Connecticut: 

1920    15,525 

1919    13,500 

1918    13,500 

1909    12,296 

New  York: 

1920    6,122,000 

1919    6,062,000 

1918    6,236,000 

1909    4,948,784 

Pennsylvania: 

1920    1,300,000 

1919    1,244,000 

1918    1,220,000 

1909    1,298,005 

Maryland : 

1920    76,300 

1919    76,300 

1918    74,800 

1909    79,658 

West  Virginia: 

1920    60,000 

1919    100,000 

1918    105,000 

1909    97,274 

Ohio: 

1920    2,230,000 

1919    2,350,000 

1918    2,660,000 

1909    3,170.828 

Indiana: 

1920    695,000 

1919    700.000 

1918    700,000 

1909    742,586 

Michigan: 

1920    848,000 

1919    874,000 

1918    930,000 

1909    986,737 

Wisconsin : 

1920    460,000 

1919    442,000 

1918    425,000 

1909    449,727 

Total  13  States: 

1920    19,031,325 

1919    18,974,700 

1918    19,298,200 

1909    18,672,939 


158.700 
138,045 
182,600 
156,952 

53,535 
44,374 
50.800 
53,091 

1.9 
1.8 
2.15 
2.27 

.25 
.23 
.27 
.28 

4.600 

5,832 

8.900 

10,207 

5,000 
2,308 
3,900 
4,236 

2.9 
1.8 
3.0 
3.G5 

.35 
.22 
.38 
.46 

2,204,000 
3,161,000 
3,732,000 
3,160,300 

1,255.000 

1.401,000 

1.755,000 

993,242 

2.0 
2.37 
2.85 
2.24 

.25 
.30 
.35 
.28 

508,300 

686,800 

993.000 

1,188,049 

310,200 
318,800 
440.000 
391.242 

2.3 
2.6 
3.7 
3.33 

.29 
.33 
.46 
.42 

119,000 
221,306 
179,500 
351,908 

10.000 
20.000 
15,000 
12,172 

2.6 
5.0 
4.0 
5.64 

.30 
.62 
.50 
.70 

86,000 
160,000 
147.000 
140,060 

16,000 
30,000 
27,500 
31,176 

3.6 
4.0 
3.5 
4.0 

.45 
.50 
.44 
.50 

41,600 
110,320 
558.600 
257,592 

427,400 

752,310 

1,093.900 

1.323,431 

1.6 
2.6 
3.5 
3.42 

.20 
.35 
.44 
.43 

6,000 

200,000 

283,000 

33,419 

125,000 
273,000 
267,800 
273,728 

1.4 
3.4 
3.4 
2.99 

.18 
.43 
.42 
.37 

47,100 

57,700 

364.600 

293,301 

190,200 
233.100 
279,900 
269,093 

1.8 
2.2 
2.8 
2.48 

.22 
.28 
.35 
.31 

17,700 
24,400 
26,500 
27,199 

86,300 

98,600 

107,200 

124,117 

1.54 
1.84 
2.08 
2.26 

.19 
.22 
.26 
.28 

7,528,640 
10,168,629 
13.270,900 
13,920,003 

3.605.555 
3.854.488 
4,905.200 
4,040,952 

1.91 
2.16 
2.72 
2.48 

.24 
.27 
.35 
.31 
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TABLE  3.* — PRODUCTION  W  MAPLE   SYBUP  AND   SUGAR  IN  THE  UNITED   STATES, 

1859  TO  1921 


Tear  Suerar  made 

Pounds 

1859 40,120,205 

1869 28,443,645 

1879 36,756,061 

1889 32,952,927 

1899 11,928,770 

1909 14,060,206 

1917 10,838,650 

1918 13,270,865 

1919 10,168,629 

1920 7,555,040 

1921 5,093,100 


Syrup  made 
Gallons 

1,597,589 
921,057 
1,796,048 
2,258,376 
2,056,611 
4,106,418 
4,286,100 
4,905,264 
3.854,488 
3,657,255 
2,583,500 


Total  as  sugar* 
Pounds 

52,900,917 
35,812,101 
51,124,445 
51,019,935 
28,381,658 
46,911,550 
45,127,460 
62,512,977 
41,004,533 
36.813,080 
25,761.100 


tabu:  4. — IMPORTS   OF  MAPLE  SUGAR  AND  SYRUP,    1914   TO  1920" 

1914  1915  1916  1917  1918  1919  1920 

Pounds       1,870,961  1,714,833  2,677,280  3,456,756  4,135,067     3,928,301     8,337,859 
Value  $153,191    $171,700    $286,525    $495,382   $875,201  $1,109,666  $1,974,977 


TABLE  5. — ^FARM   VALUE  OF  MAPLE  SUGAB    (CENTS   PER  FOUND),   1917   TO  1921 


1917 

1918 

1919 

1920 

1921 

Vermont 

Feb.   15 

15.0 

19.5 

23.5 

30.0 

23.0 

Mar.  15 

13.0  . 

20.0 

27.0 

32.0 

24.0 

Apr.  15 

15.0 

22.0 

29.0 

36.0 

22.0 

May  15 

14.6 

22.0 

26.0 

34.0 

17.0 

June  15 

15.4 

22.0 

26.0 

33.0 

16.0 

New  York 

Feb.   15 

14.0 

17.8 

20.5 

27.0 

28.0 

Mar.  15 

15.0 

20.0 

23.0 

29.0 

25.0 

Apr.  15 

16.5 

22.0 

26.0 

87.0 

27.0 

May  15 

16.5 

22.0 

26.0 

37.0 

22.0 

June  15 

15.8 

21.0 

26.0 

37.0 

23.0 

Ohio 

Feb.   15 

15.5 

20.0 

18.0 

25.0 

20.0 

Mar.  15 

16.0 

23.0 

25.0 

30.0 

24.0 

Apr.  15 

17.5 

23.0 

28.0 

39.0 

26.0 

May   15 

19.2 

24.0 

27.0 

42.0 

30.0 

June  15 

18.3 

26.0 

27.0 

38.0 

23.0 

Wisconsin 

Feb.   15 

15.0 

20.4 

27.0 

35.0 

40.0 

Mar.  15 

16.0 

21.0 

25.0 

32.0 

33.0 

Apr.   15 

20.0 

25.0 

34.0 

32.0 

30.0 

May    15 

19.0 

25.0 

36.0 

40,0 

32.0 

June  15 

16.8 

23.0 

34.0 

■  •  • 

34.0 

United  States 

Feb.  15 

14.7 

18.8 

22.0 

29.3 

24.9 

Mar.  15 

14,7 

20.5 

25.3 

31.6 

25.7 

Apr.   15 

16.3 

22.5 

26.9 

37.0 

25.7 

May  15 

16.2 

22.6 

26.3 

36.0 

21.5 

June  15 

15.9 

22.0 

26.2 

35.1 

20.7 

'  Fisrures  {^Iven  for  the  period  1917  to  1921  are  from  reports  of  the  Bureau  of 
Markets  and  Crop  Estimates  covering^  the  13  states  represented  in  table  2.  Figures 
for  other  years  are  from  the  census  reports. 

3  A  erallon  of  syrup  is  considered  the  equivalent  of  eigrht  pounds  of  suflrar. 

•Statistical  Abstract  of  the  United  States.  1920. 
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TABLE  6. — FABM  VALUE  OF  MAPLE  SYRUP   (DOLLARS  PER  GALLON),  1917  TO  1921 


1917 

1918 

1919 

1920 

1921 

Vermont 

Feb.  15 

$1.20 

11.70 

12.10 

$2.70 

$2.03 

Mar.  15 

1.20 

1.75 

2.20 

2.70 

1.93 

Apr.  15 

1.25 

1.90 

2.00 

2.85 

1.80 

May  15 

1.30 

2.00 

1.95 

2.70 

1.32 

June  15 

1.30 

1.75 

2.10 

2.70 

1.40 

New  York 

Feb.  15 

1.15 

1.50 

1.75 

2.30 

2.15 

Mar.  15 

1.25 

1.60 

1.80 

2.45 

2.10 

Apr.  15 

1.30 

1.75 

2.00 

2.90 

2.15 

May  15 

1.30 

1.75 

2.00 

2.90 

1.91 

June  15 

1.30 

1.70 

1.90 

2.90 

1.90 

Ohio 

Feb.  15 

1.25 

1.50 

1.90 

2.40 

2.35 

Mar.  15 

1.30 

1.75 

2.00 

2.55 

2.11 

Apr.  15 

1.30 

1.75 

2.00 

2.95 

2.22 

. 

May  15 

1.30 

1.80 

2.00 

3,00 

2.13 

June  15 

1.30 

1.90 

2.40 

2.80 

2.20 

Wisconsin 

Feb.  15 

1.30 

1.80 

1.80 

2.30 

2.80 

Mar.  15 

1.30 

1.65 

1.80 

2.20 

2.45 

Apr.  15 

1.50 

1.95 

2.10 

2.75 

2.55 

May  15 

1.53 

1.90 

2.40 

2.90 

2.52 

June  15 

l.CO 

1.95 

2.20 

2.90 

2.50 

United  States 

Feb.  15 

1.22 

1.58 

1.86 

2.35 

2.27 

Mar.  15 

1.30 

1.76 

1.99 

2.58 

2.17 

Apr.  15 

1.33 

1.80 

2.03 

2.92 

2.21 

May  15 

1.34 

1.85 

2.02 

2.93 

2.08 

June  15 

1.33 

1.85 

2.19 

2.84 

2.10 

Year 


TABLE  7. — PER  CAPIFA  CONSUMPTION  OF  SUGAR  IN  THE  UNITED  STATES, 

1865  TO  1920* 

Pounds 


1865 

18.17 

1866 

28.45 

1867 

24.30 

1868 

31.24 

1869 

35.19 

1870 

32.73 

1871 

36.47 

1872 

40.64 

1873 

40.08 

1874 

41.64 

1875 

43.33 

1876 

35.42 

1877 

39.07 

1878 

34.59 

1879 

40.99 

1880 

39.46 

1881 

42.89 

1882 

40.82 

1883 

45.20 

Year 

Pounds 

Year 

Pound 

1884 

54.18 

1903 

78.84 

1885 

47.87 

1904 

68.54 

1886 

49.09 

1905 

7155 

1887 

53.26 

1906 

75.62 

1888 

50.29 

1907 

81.08 

1889 

50.44 

1908 

73.99 

1890 

50.63 

1909 

80.31 

1891 

60.21 

1910 

79.77 

1892 

59.69 

1911 

77.24 

1893 

63.65 

1912 

82.67 

1894 

72.30 

1913 

85.32 

1895 

62.11 

1914 

89.80 

1896 

63.41 

1915 

86.84 

1897 

77.55 

1916 

79.00 

1898 

47.20 

1917 

82.87 

1899 

.  61.56 

1918 

78.06 

1900 

58.81 

1919 

83.55 

1901 

71.84 

1920 

91.46 

1902 

68.24 

Statistical  Abstract  of  the  United  States,  1920. 
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TABLE  8. — RANGE  OF  RETAIL  PRICES  PER  FOUND  FOR  SIX  CLASSES  OF  SYRUP,  FOrNI> 
IN  25  MODERATE  PRICED  GROCERY  STORES,  PHILADELPHIA,  MARCH,  1922 

Syrup  Price  per  pound 

Class  A  (Maple)  36  to  60  cts. 

Class  B  (Cane  and  maple  blend)   25  to  38  cts. 

Class  C  (Corn  and  maple  blend)  28  cts. 

Class  D  (Corn  syrup)    6  to  12  cts. 

Class  E  (Corn  "cooking  syrup")    5  to    7  cts. 


TABLE  9. — ^RATES  ON  MAPLE  SYRUP  IN  METAL  CANS  OB  PAILS  IN  BOXES,  AXI> 
MAPLE  SUGAR  IN  PACKAGES  FROM  ESSEX  JUNCTION,  VERMONT,  TO  VARIOUS 
MARKETS.  RATES  ARE  IN  CENTS  PER  100  POUNDS  FOB  CAB  LOT  (C.  L.)  ANT> 
IJ:SS  than  CAR  LOT  (L.  C.  I*.)    SHIPMENTS 

Prom 

Essex  Junction,  Vt. 

To 

Atlanta,  Ga 

Baltimore,  Md 

Boston,  Mass 

Buffalo,  N.  Y 

Butte,  Mont 

Chicago,  ni 

Cincinnati,  Ohio   

Cleveland,  Ohio 

Dallas,  Tex 

Denver,  Colo 

Detroit,  Mich 

El  Paso,  Tex 

Fort  Worth,  Tex 

Jacksonville,  Fla 

Kansas  City,  Mo 

Little  Rock,  Ark 

Los  Ans^eles,  Cal 

Memphis,  Tenn 

Milwaukee,  Wis 

Mobile,  Ala 

New  Orleans.  La 

New  York,  N.  Y 

Omaha.  Neb 

Philadelphia.  Pa 

Pittsburgh.  Pa 

Portland,  Ore 

Richmond,  Va 

St.  Louis,  Mo 

St.  Paul,  Minn 

Salt  Lake  City.  Utah  

San  Antonio.  Tex 

San  Diego,  Cal 

San  Francisco,  Cal 

Savannah.  Ga 

Seattle.  Wash 

Spokane,  Wash 

Washington,  D.  C 


Maple  Syrup 

Maple 

Sugar 

C.  L 

L.  C.  L. 

C.  L. 

L.  C.  L 

cts. 

cts. 

cts. 

cts. 

126 

126 

126 

1791- 

40H, 

53 

47 

66 

34 

52 

48% 

65 

40 1^ 

53 

47 

66 

183  V2 

327% 

248 

4071-2 

59 

79 

691^2 

99 

51 

68% 

60 

85J.; 

441/2 

59% 

52 

741.. 

144 

255% 

236 

292 1^> 

152 

223 

213% 

284 1.> 

46 

62% 

54% 

78 

183  Vj 

296 

284% 

353 » ... 

144 

255 1>^ 

236 

2921 J 

liaVj 

118% 

118% 

169 

99 

133 

123% 

175 1:> 

154  U. 

200 

188% 

241 

183V» 

375 

261% 

442 

13314 

133% 

133% 

191 

59 

79 

69% 

99 

143 

143 

143 

205 

143 

143 

143 

205 

39 

53 

47 

66 

99 

133 

123% 

175  J. i 

4014 

53 

47 

66 

401/^ 

53 

47 

66 

183% 

375% 

208% 

442 

63 

76 

74 

95 

69  V, 

93% 

82 

117 

821.^ 

110 

69 

1371.2 

183% 

318% 

208% 

333% 

153  V2 

255% 

248% 

295 

183% 

375% 

261% 

442 

183% 

376% 

261% 

442 

118% 

118% 

118% 

169 

183% 

375% 

208% 

442 

183% 

333% 

208% 

4151 A 

52% 

67% 

63 

841.2 

.-T 
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THE  BOARD  OF  CONTROL 
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HON.  N.  K.  CHAFFEE,  Rutland,  j  of  Truatees. 
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Association. 
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MRS.  J.  B.  CHASE,  LyndonviUe, )  Clubs. 

MR.  E.  B.  CORNWALL,  Burlington,  Representing  the  State  Federation  of 
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THE  PRESIDENT,  DEAN  and  DIRECTOR,  THE  DIRECTOR  OF  THE 
EXTENSION  SERVICE,  COMMISSIONER  OF  EDUCATION  and  COM- 
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C.  H.  JONES,  M.  Sc,  Chemist. 

M.  B.  CUMMINGS,  Ph.  D.,  Horticulturist. 

B.  F.  LUTMAN,  Ph.  D.,  Plant  Pathologist. 

G.  P.  BURNS,  Ph.  D.,  Botanist. 

H.  B.  ELLENBERGER,  Ph.  D.,  Animal  and  Dairy  Husbandman. 

L.  H.  FLINT,  M.  Sc,  Assistant  Botanist. 

E.  J.  DOLE,  A.  M.,  M.  Sc,  Assistant  Botanist. 

A.  H.  GILBERT,  M.  Sc,  Associate  Plant  Pathologist 

J.  A.  NEWLANDER,  M.  Sc,  Associate  Dairy  Husbandman. 

G.  F.  ANDERSON,  Assistant  Chemist. 
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ALEXANDER  PARKS,  Gardener. 

WINIFRED  B.  KENNEDY,  Stenographer. 

GUY  W.  BAILEY,  LL.  D.,  Treasurer. 


ivCoples  of  the  reports  and  bulletins  of  the  Station  are  sent  free  of 
charge  to  any  address  upon  application. 

ta^  Ad  dress  all  communications  concerning  station  matters  not  to  In- 
dividual ofScers  but  to  the  Experiment  Station,  Burlington,  Vt  Address 
inquiries  concerning  farm  practice  to  Ehctension  Service,  Burlington,  Vt 

Director's  office,  chemical,  horticullural  and  dairy  laboratories  are  in 
Morrill  Hall  at  the  head  of  Main  street;  botanical  and  bacteriological  laborap 
torles  are  at  Williams  Science  Hall,  University  Place.  University  farm  and 
buildings  are  on  the  Williston  road,  adjoining  the  University  campus  on  the 
east. 
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BULLETIN  228:    COMMERCIAL  FERTILIZERS,  COMMER- 
CIAL FEEDING  STUFFS,  AGRICULTURAL  SEED 

By  J.  L.  Hills,  C.  H.  Jones,  G.  F.  Anderson,  Anna  S.  Lutman 

The  results  of  the  police  work  performed  during  1922  by  the 
Station  in  accordance  with  state  laws  is  set  forth  in  condensed  form 
in  this  bulletin.  The  Station  regrets  its  inability  to  furnish  the  full 
information  which  has  been  vouchsafed  prior  to  1919. 

It  may  be  said  in  brief : 

Fertiliser  Control,  That  the  fertilizers  sold  in  1922,  as  a  whole, 
were  quite  as  good  as  they  were  represented  to  be. — Pages  3-15. 

Feeding  Stuffs  Inspection,  That  the  results  were  normal,  only 
3  percent  of  the  brands  being  deficient  and  only  one  brand  in  294 
seriously  so. — Pages  15-22. 

Agricultural  Seed  Inspection,  That  one  lot  in  20  was  not  guar- 
anteed and  one  in  30  seriously  deficient  in  respect  to  the  maintenance 
of  the  purity  guaranty. — Pages  22-32. 

FERTILIZER  CONTROL 

The  last  General  Assembly  amended  and  extended  the  fertilizer 
law  to  cover  fertilizer  crude  stocks  and  limes.  As  a  consequence,  the 
total  number  of  brands  licensed  leaped  upwards  as  compared  with 
former  years,  being  in  1921,  153,  and  in  1922,  228.  The  licenses  of 
the  current  year  cover:  complete  fertilizers,  153;  incomplete  fertilizers 
(i.  e.,  compounded  goods  carrying  only  either  nitrogen  and  available 
phosphoric  acid  or  available  phosphoric  acid  and  potash  only),  6;  crude 
stocks,  58;  limes,  11.  The  number  of  brands  sampled  and  analyzed 
increased  from  137  to  203,  a  gain  of  almost  exactly  50  percent. 

The  sampling  agents  of  the  State  visited  103  Vermont  cities,  towns 
and  villages  in  the  spring  and  early  summer  of  1922  and  drew  617 
samples  from  dealers'  stocks  representing  203  of  the  228  brands  of 
commercial  fertilizers  licensed  for  sale.  No  samples  of  25  brands 
named  below  were  secured.     In  several  instances  no  sales  were  made. 

American  Agricultural  Chemical  Company's  Dry  Ground  Fish. 
American  Agricultural  Chemical  Company's  Patapsco   Four-Eight-Seven. 
American  Agricultural  Chemical  Company's  Williams    &   Clark's    Americus 

Ammoniated  Bone  Superphosphate. 
American  Agricultural  Chemical  Company's  Williams    &    Clark's    Americus 

High  Grade  Special  for  Potatoes  and  Vegetables. 
Armour  Fertilizer  Company's  Big  Crop  Five-Eight-Five. 
Armour  Fertilizer  Company's  Big  Crop  Four-Ten. 
Bowker  Fertilizer  Company's  Maryland  Truck  Garden. 
Brewer  &  Company's  Producto  Agricultural  Lime. 


4  Bulletin  228 

Consolidated  Rendering  Company's  Ground  Bone  (3/50). 
Cooperative  Potato  Exchange,  Ina,  Acid  Phosphate. 
Cooperative  Potato  Exchange,  Inc.,  Muriate  of  Potash. 
Cooperative  Potato  Exchange,  Inc.,  Nitrate  of  Soda. 
Dominion  Lime  Company's  Ground  Limestone. 
Eastern  States  Farmers'  Exchange's  t)ry  Ground  Fish. 
Eastern  States  Farmers'  Exchange's  Ground  Bone  3/50. 
Eastern  States  Farmers'  Exchange's  Ground  Bone  4^/45. 
Empire  Guano  Company's  Acid  Phosphate. 
Miller  Fertilizer  Company's  Acid  Phosphate. 
Parmenter  &  Polsey  Fertilizer  Company's  Four-Eight-Four. 
Parmenter  &  Polsey  Fertilizer  Company's  Three-Eight-Three. 
Reading  Bone  Fertilizer  Company's  Dissolved  Animal  Matter. 
Reading  Bone  Fertilizer  Company's  Pure  Raw  Bone. 
Rockland-Rockport  Lime  Corporation's  R.  R.  Ground  Lime. 
Rockland-Rockport  Lime  Corporation's  R.  R.  Ground  Limestone. 
Sanderson  Fertilizer  &  Chemical  Company's  Atlantic  Coast  Bone,  Fish  and 
Potash. 

The  condensed  statements  on  pages  5  to  10  set  forth  the  essen- 
tial facts  as  to  the  maintenance  of  guaranties.  The  order  of  statement 
is  alphabetical  by  names  of  manufacturers. 

The  first  four  figures  in  the  table,  reading  horizontally  following 
the  brand  name,  indicate  what  the  manufacturers'  promises  were, 
expressed  in  percentage  terms ;  and  the  word  following,  usually  "Yes", 
rarely  "No",  tells  in  this  laconic,  straightforward  fashion  whether 
or  not  the  promises  have  been  kept. 

The  next  two  figures  show  the  quality  of  the  nitrogen  purveyed  by 
the  manufacturer,  indicating  in  terms  of  decimals  the  proportions  of 
the  total  nitrogen  present  in  water-soluble  and  water-insoluble  forms. 
The  former  includes  nitrate  nitrogen,  ammoniacal  nitrogen  and  such 
organic  nitrogen  as  is  water-soluble;  the  latter  such  organic  nitrogen 
as  is  not  soluble  in  water,  more  or  less  of  which — more  in  some  cases, 
less  in  others — is  available  to  plant  growth. 

The  last  figure,  reading  horizontally,  indicates  in  terms  of  a  deci- 
mal what  proportion  of  the  total  phosphoric  acid  is  furnished  in 
available  form. 

The  last  column  shows  by  the  presence  of  the  letter  C  or  S  as  the 
case  may  be  whether  the  potash,  if  present,  was  present  as  muriate  or 
chlorid  (C)  or  as  sulphate  (S).  In  case  both  were  present,  the  letters 
CS  or  SC  are  used,  the  one  first  given  indicating  predominance. 

The  statement  concerning  the  quality  of  organic  nitrogen  here- 
tofore included  is  omitted  for  the  reason  that  every  fertilizer  save  one 
qualified,  that  is  to  say,  no  indication  was  found  of  the  presence  of 
material  quantities  of  unavailable  nitrogen. 
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CONDENSED  STATEMENT  AS  TO  GUARANTIES  AND  ANALYSES 


Brand 


Guaranties 

Nitro- 
gen 

OP 

-5 

lo'O 

tota 
avail. 

a 

5S 

s^ 

>* 

9 

•3 

«> 

§§ 

1 

Z 

Tiotal  p 
phoric  i 

Availab 
phospho 
acid 

.a 

1 

Guaran 

1 

1 

Water- 
msolubl 

Proport 
phos.  a( 

1^ 


Amerieaii  Agrricoltural  Chemical  Company,  .92  State  St^  Boston,  Mass. 

Complete  Manure  with  10%  Potash  3.29      7         6  10  Yes  .8  .2  .9      C 

Complete  Potato  Mixture 2.47      9         8  4  Yes  .8  .2  .9      C 

Grass  and  Lawn  Top  Dressing 4.94      7         6  4  Yes  .9  .1  .9      C 

Grass  and  Oats  Fertilizer 13       12  2  Yes  8      C 

Ground  Bone   2.08    22.86  . .  . .  Yes  .0  1.0  ♦     . . 

High  Grade  Acid  Phosphate 17       16  . .  Yes  9     . . 

Monarch  Potato  Manure 3.29      9         8  4  Yes  .8  .2  .9      C 

Muriate  of  Potaeh 48  Yes  C 

Nitrate  of  Soda 15         Yes  1.0  .0  . .      .. 

Patapsco  Acid  Phosphate   17       16  . .  Yes  .0  .0  .9 

Patapsco  General  Truck  Fertilizer  2.47      9         8  4  Yes  .8  .2  .9      C 

Patapsco  Matchless  Potash  Manure  1.65      9         8  2  Yes  .7  .3  .9      C 

Patapsco  Money  Maker 0.82      9         8  2  Yes  .6  .5  .9      C 

Patapsco  Peerless  Potato  Guano...  3.29      9         8  4  Yes  .8  .2  .9      C 

PaUpsco  3/9/2    2.47    10         9  2  Yes  .8  .2  .8    CS 

Peerless  Potato   Manure 3.29      9         8  7  Yes  .8  .2  .9      C 

Two-Eight-Six  Fertilizer 1.65      9         8  6  Yes  .8  .2  .9      C 

Universal  Phosphate  0.82      9         8  2  Yes  .8  .2  .9      C 

{Bradley  Fertilizer  Company  Brands), 

Complete  Manure  for  Potatoes  and 

Vegetables 3.29      9         8  7  Yes  .8  .2  .9      C 

Complete  Manure  for  Top  Dressing 

Grass  and  Grain 4.94      7         6  4  Yes  .9  .1  .9      C 

Complete  Manure  with  10%  Potash  3.29      7         6  10  Yes  .8  .2  .9      C 

Corn  Phosphate 1.65      9         8  2  Yes  .7  .3  .9      C 

Eclipse  Phosphate   0.82      9         8  2  Yes  .8  .2  .9      C 

Northland  Potato  Grower 3.29      9         8  4  Yes  .8  .2  .9      C 

Potato  Fertilizer    1.65      9         8  3  Yes  .7  .3  .9      C 

Potato  Manure   2.47      9         8  4  Yes  .8  .2  .9      C 

XL  Superphosphate  of  Lime 2.47    10         9  2  Yes  .8  .2  .8    SC 

(Crocker  Fertilizer  d  Chemical  Company  Brands) 

Ammoniated  Corn  Phosphate 1.65      9         8  2  Yes  .7  .3  .9      C 

New  Rival  Ammoniated  Superphos.  0.82      9         8  2  Yes  .8  .2  .9      C 

Potato,  Hop  and  Tobacco  Fertilizer  1.65      9         8  3  Yes  .8  .2  .9      C 

{Great  Eastern  Fertilizer  Company  Brands) 

General    *. 0.82      9         8  2  Yes  .7 

Northern  Corn  Special . . : 1.65      9         8  2  Yes  .8 

Potato  Manure   1.65      9         8  3  Yes  .8 

{Listers*  Agricultural  Chemical  Works  Brands) 

Corn  and  Potato  Fertilizer 1.65      9         8  3  Yes  .8 

Four-Eight-Four  Fertilizer 3.29      9         8  4  Yes  .7 

Grain  and  Grass  Fertilizer 13       12  2  Yes  .0 

Success  Fertilizer    1.65      9         8  2  Yes  .8 

*Not  determined. 
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(Pacifier  Ouano  Company  Brands) 

Pacific  Potato  Special 1.65      9  8      3  Yes  .8  .2    .9  C 

Soluble  Pacific  Guano  1.66      9  8      2  Yes  .8  .2    .9  C 

(Quinnipiac  Company  Brands) 

Corn  Manure  1.65      9  8      2  Yes  .7  .3    .9  C 

Market  Garden  Manure 3.29      9  8      7  Yes  .8  .2    .9  C 

Potato  Phosphate  1.65      9  8      3  Yes  .8  .2    .9  C 

(Read  Fertilizer  Company  Brands) 

Farmers'  Friend  Superphosphate..  1.65      9  8      2  Yes  .8  .2    .9  C 

Practical  Potato  Special  Fertilizer.  1.65      9  8      3  Yes  .8  .2    .9  C 

(Williams  d  Clark  Fertilizer  Company  Brands) 

Americus  Corn  Phosphate 1.65      9  8      2  Yes  .8  .2    .9  C 

Americus  Potato  Manure   1.65      9  8      3  Yes  .8  .2    .9  C 

Potato  Phosphate  2.47      9  8      4  Yes  .7  .3    .9  C 

Armonr  Fertilizer  Works,  1501-1514  Miinsey  Building,  Baltimore,  Md. 

Big  Crop  Add  Phosphate 16.5  16  ..  Yes  .0  .0  1.0  .. 

Big  Crop  Potato  and  Onion  4/8/4..  3.29      8.5  8      4  Yes  .8  .2  1.0  C 

Big  Crop  Fertilizer  3/8/4 2.47      8.5  8      4  No  .8  .2  1.0  C 

Big  Crop  Fertilizer  2/10/6 1.65    10.5  10      6  Yes  .7  .3  1.0  C 

Bone  Meal 2.47    22  . .  . .  Yes  .0  1.0    .0 

Corn  Grower  2/8/2 1.65      8.5  8      2  Yes  .7  .3  1.0  C 

General  Crop  Fertilizer  1/7/1 0.82      7.5  7      1  Yes  .7  .3    .9  C 

Sheep  Manure  1.23      1  . .      2.5  Yes  

Atlantic  Packing  Co.,  40  North  Market  St,  Boston,  Mass. 

Four-Bight-Four    3.28      9  8      4  Yes  .7  .3    .8  C 

Four-Eight-Seven    3.28      9  8      7  Yes  .7  .3    .9  C 

Three-Eight-Four    2.47      9  8      4  Yes  .8  .2    .9  C 

Two-Eight-Two    1.64      9  8      2  Yes  .7  .3    .9  C 

Bowker  Fertilizer  Company,  43  Chatham  Street,  Boston,  Mass* 

Acid  Phosphate  (16%) 16  Yes  ..  ..1.0  .. 

All  Round  Fertilizer 2.47      9  8      4  Yes  .7  .3    .9  C 

Com,  Grain  and  Grass  Phosphate. .  1.65      9  8      2  Yes  .8  .2    .9  C 

Early  Potato  Manure 3.29      9  8      7  Yes  .9  .1    .9  C 

Hill  and  Drill  Phosphate 2.47    10  9      2  No  .8  .2    .9  C 

Stockbridge  Potato  and  Vegetable 

Manure    3.29      7  6  10  Yes  .8  .2    .9  C 

Potato  and  Vegetable  Phosphate. . .  1.65      9  8      3  Yes  .7  .3    .9    SC 

Maryland  Acid  Phosphate 16  Yes  . .  . .  1.0 

Maryland  Corn  Phosphate 1.65      9  8      2  Yes  .8  .2    .8  C 

Maryland  One-Eight-Two 0.82      9  8      2  Yes  .8  .2  1,0  C 

Stockbridge  Early  Crop  Manure. ..  4.11      9  8      7  Yes  .8  .2    .9  C 
Stockbridge  Market  Garden  Manure  3.29      9  8      4  Yes  .8  .2    .9  C 
Stockhridge  Top  Dressing  and  Forc- 
ing Manure 4.92      7  6      4  Yes  .9  .1    .9  C 

Sure  Crop  Phosphate  0.82      9  8      2  Yes  .8  .2    .9  C 

LI                                                                                                ■               '■                               ■      ■'                            '         '                    ■               I.     I.    -  I      «■..           11                      ■                II   .,              ■!'■■   t. -■■--■-        ■■  J 
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Joseph  Breek  &  Sons  Corporation,  51  North  Market  St,  Boston,  Mass. 

Brock's  Ram's  Head  Brand  Sheep 
Manure    See  special  statement  page  12. 

Burlington  Rendering  Company,  North  Are^  Bnrllngton,  Yt. 

Five-Eight-Pour    4.11 

Four-Eight-Four    3.29 

Four-Eight-Seven   3.29 

Three-Eight-Four    2.47 

Two-Eight-Three 1.65 

Two-Eight-Two    1.65 

Chamberlln  &  Barclay,  Cranbnry,  N.  J. 

Standard  Four-Eight-Seven 3.3        9         8      7      Yes      .7    .3    .9      C 

Coe-Mortlmer  Company,  Merchants  Bow  and  South  Market  St.,  Boston,  Mass. 
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Celebrated  Special  Potato  Fertilizer  3.29  9 

Ck)lumbian  Corn  and  Potato  Fert.. .  1.65  9 

Corn  King 2.47  10 

Gold  Brand  Excelsior  Guano 2.47  9 

New  Englander  Special  0.82  9 

Red  Brand  Excelsior  Guano 3.29  9 

Special  Grass  Topdressing 4.94  7 

Standard  Potato  Fertilizer 3.29  7 

Superphosphate  (16%)   17 


8      4  Yes  .8  .2    .9 

8  3  Yes  .8  .2    .9 

9  2  Yes  .8  .2  .8 
8  4  Yes  .8  .2  .9 
8  2  Yes  .5  .5  .9 
8  7  Yes  .9  .1  .9 
G  4  Yes  .9  .1  .8 
6  10  Yes  .8  .2     .8 

16  ..  Yes  .0  .0  1.0 

Consolidated  Rendering  Company,  40  North  Market  St,  Boston,  Mass. 


C 
C 
C 
C 
C 
C 
C 
C 


Acid  Phosphate 17 

Ground  Bone  2.46  24 

Ground  Bone  2.05  26 

Muriate  of  Potash 

Nitrate  of  Soda 15.5 

Sulphate  of  Ammonia 20.5 

Tankage  9/20 7.41  10 

Tankage  6/30 4.92  14 
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Darling  A  Co.,  Ashland  Aye.  and  42nd  St.,  Union  Stock  Yards,  Chicago,  DL 
Pulverized  Sheep  Manure 2.06      1  1      Yes       ♦     ♦     •      • 

Earp-Thomas  Cultures  Corporation,  80  Lafayette  St.,  New  York 
Stlm-UPlanT 11  12    15      No     1.0    .0  1.0    CS 

Eastern  States  Farmers'  Exchange,  292  Worthlngton 

Add  Phosphate  (16%) 

Flve-Bight-Five  4.11      9 

Four-Elght-Four   3.29      9 

Four-Elght-Seven    3.29      9 

Four-Ten   3.29     . . 

Muriate  of  Potash 

Nitrate  of  Soda  14.75     .. 

Sulphate  of  Ammonia 20.5 

Sulphate  of  Potash 

Tankage 5.75      6.9 

Tankage    8.2        4.6 

Three-Elght-Four    2.46      9 

Two-Eight-Two    1.64      9 
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^Not  determined. 


8 


Bulletin  228 


CONDENSED  STATEMENT  AS  TO  GUARANTIES  AND  ANALYSES 


Quarantles 

*>• 

Nitre-  '     « 

8^       ^-S 

late 
(S) 

1         1            1 

d=: 

4-*   iH 

55 

Brand 

c 

5t: 

9 

1 

Total  p 
phoric  1 

Availab 
phospho 
acid 

1 

i 

CD 

U  a-; 3° 

K*!    ***  O  **« 

Essex  FerlUiier  Companyt  89  Nortli  Market  St,  Boston,  Mass. 

Fish  Fertiliser  3/8/3  for  All  Crops 

Piye-Eight*Four 

Four-Eight-Four  for  Potatoes,  Roots 

and  Vegetables 

Market  Garden  3/8/4  for  Vegetables 

and  Grass  

One-Ten-One  for  Grain  and  Grass. . 
Three-Siz-Ten   for   Com,    Potatoes 

and  Vegetables  

Tobacco  Flve-FlTe-Five 

Two-Eight-Six    

Two-Bight-Two     for     Farm     and 

Garden 

Two-Eight-Three  for  All  Crops 
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InteraatloBal  Agrimltnra]  Corpontloa 
BalbOo  Fertiliser  Works,  Baffalo,  N.  T. 


Aeid  Phosphate  (16^:^) 

Bulfalo  Economy 1.65 

BufMo  Farmers*  Choice 0.82 

Buffalo  High  Grade  Manure 3.29 

Buffalo  New  England  Special 1.65 

Buffalo  Nitrate  of  Soda 15 

Buffalo  Phosphate  and  Potash 

Buffalo  Vegetable  and  Potato  3  8  6  2.47 
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LoweO  FeitlUaer  Comi^aiu^»  ^  >Mtk  Market  St^  Bosto*.  Mass. 


Animal  Brand  3  S  4  for  All  Crops.  2.46  9  8  4 
Bone    Fertiliier    e  $  2    for    Com« 

Grain.  Grass  and  Vegetables IXA      9         8      2 

Empress   Brand   1  10  1   for   Grain 

and  Vegetables  0  &2    11       10      1 

rire-Ei<:M-Four 4.1        9         8      4 

Foui^Ei^ht-Fv>ur  for  Potatoes,  Corn 

and  Veirecablf?©  S.fS      9         8      4 

Foul^Ki«ht'^lx ii9      9         8      € 

Fy>ttr>Six-Ten     for     Potatoes     and 

V»>^v»'***'t^  3  ♦s      T         6    1*^ 

Thwe-K:sh:-T^rw    2.46      5         S      5 

Thnpe^:\-T^n    for    Com.    Potatoes 

and  VecvTANes   1 46      7         6     10 

Twv^-Eliriii-Tbr^^e  for  Ve^iaMes  And 

Grain    1.64       9         $      5 

Tw\vK^i:>.:.^;x  for  Vtrjiis.  Gnss  and 

IVta:v>e$    :''4      9         S      6 
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New  England  Fertilizer  Company,  40A  North  Market  St,  Boston,  Mass. 

Corn  Phosphate  2/8/2  for  Grain  and 

Vegetables    1.64      9         8      2      Yes 

FlyerEight-Seyen  for  Potatoes  and 

Market  Garden  4.1        9         8      7      No 

Four-Eight-Pour  for  Potatoes,  Vege- 
tables and  Grass 3.28      9         8      4      No 

Four-Elght-Seven  for  Potatoes  and 

Vegetables 3.28      9         8      7      Yes 

Standard     Phosphate     1/10/1     for 

Grain  and  Grass   0.82    11       10      1      Yes 

Superphosphate  3/8/4  for  All  Crops  2.46      9         8      4      Yes 
Three-Six-Ten   for    Corn,   Potatoes 

and  Vegetables  2.46      7         6    10      Yes 

Two-Eight-Three    for     Grain    and 

Vegetables 1.64      9         8      3      Yes 

Two-Elght-Slx  for  Grain,  Grass  and 

Potatoes 1.64      9         8      6      Yes 


.6  .4  .9 

.7  .3  .8 

.7  .3  .9 

.7  .3  .9 

.6  .4  .9 

.8  .2  .9 


.7  .3  .9 
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.6     .5     .9 
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C 

C 
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C 

C 

C 


Norwegian  Nitrogen  Products  Co.,  Inc.,  17  State  St,  New  York,  N.  Y. 

Norwegian  Nitrate  of  Lime 13*        No*    1.0    .0 


•  •  *  • 


Carroll  S.  Page,  Hyde  Park,  Tt. 

16     .. 


Acid  Phosphate 

Muriate  of  Potash 

Nitrate  of  Soda  16 

No  Filler  Brand  2.88    15 

No  Filler  Fertilizer  Potash  Brand.  3.29    11.5 

Raw  Ground  Bone  3.7      22 

Tankage    5.75    15 


48 


10 
9 


Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 


.0  .0  1.0 

1.0  .0  *.b 

.6  .4  .6 

.7  .3  .6 

.0  1.0  .0 

.3  .7  .0 


Parmenter  &  Polsey  Fertilizer  Co.,  41  North  Market  St,  Boston,  Mass. 


One-Ten-One  for  Grain  and  Grass..  0.82    11       10      1      Yes 

Plymouth  Rock  Brand  3/8/4  for  All 
Crops    2.46      9         8      4      Yes 

Three-Six-Ten  for  Corn,  Potatoes 
and  Vegetables   2.46      7         6    10      Yes 

Two-Eight-Three  for  Corn,  Fruit 
and  Vegetables  1.64      9         8      3      Yes 

Two-Eight-Two  for  I^arm  and  Gar- 
den      1.64      9         8      2      Yes 

Two-Eight-Six  for  Grain,  Grass  and 
Potatoes 1.64      9         8      6      Yes 


.6  .4  .9  C 

.8  .2  .9  C 

.7  .3  .9  C 

.7  .3  .9  C 

.7  .3  .9  C 

.6  .4  .9  C 
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Palrerlsed  Maniire  Co.,  828  Exchange  AtOi^  Union  Stock  Yards,  Chicago,  DL 

Wizard  Brand  Sheep  Manure 2          1.26  . .  2  Tea  •  *  *  • 

Beading  Bone  Fertilizer  Company,  Beading,  Pa. 

Acid  Phosphate  (16%)   17       16  Tes  .0  .0  1.0 

Blood,  Meat  and  Potash  Mixture. .  1.64      9         8  4  Tes  .8  .2  .9  C 

Economy  Brand 11       10  4  Yes  .0  .0  1.0  C 

Farmers' Tankage  and  Potash 0.82    11       10  2  Yes  .7  .3  .9  G 

Reading  All  Crop  Special 1.64    11       10  6  Yes  .8  .2  .9  C 

Reading  One-Eight-Flye 0.82      9         8  5  Yes  .7  .3  .9  C 

Rogers  A  Hnbbard  Company,  Middletown,  Conn. 

Acid  Phosphate 16  Yes  . .  . .  1.0 

"Bone   Base"   Fertilizer   for   Seed- 
ing Down  2.46    15         6  4  Yes  .7  .3  .8  SO 

"Bone  Base"  Oats  and  Top  Dressing  8.22      8         3  8  Yes  1.0  .0  .5  C 
"Bone    Base"    Soluble    Com    and 

General  Crops  Manure 2.46    10         8  6  Yes  .8  .2  .8  C 

"Bone  Base"  Soluble  Potato  Manure  5         10         8  5  No  .8  .2  .8  CS 

Complete  Phosphate  0.82    11       10  3  Yes  .5  .5  .9  C 

Four-Eight-Four    3.29      9         8  4  Yes  .8  .2  .8  C 

One-Blght-Two  0.82t    9         8  2  Yes  .4  .6  .8  C 

Potato  Phosphate 1.64      9         8  4  Yes  .7  .3  .9  C 

Pure  Fine  Bone 3.29    20.59  . .  . .  Yes  •  ♦     •  . . 

Three-Eight-Ten    2.47     ..         8  10  Yes  .8  .2  .8  C 


F.  S.  Royster  Gnano  Company,  Baltimore,  Md. 

Acid  Phosphate   (16%)    16  ..  Yes     9 

Fine  Ground  Bone  Meal 2.47    22.9     ..  ..  Yes     

Landmark  Brand  3.29    10.5    10  Yes  .7    .3    .9 

Muriate  of  Potash 49  Yes     

Nitrate  of  Soda 15         Yes  1.0    .0    . . 

Tankage 5.76      6.97  ..  ..  Yes  .2    ^    .. 

Truckers*  Delight   3.29      9         8  4  Yes  .7    .3    .8 

Sanderson  Fertflizer  A  Chemical  Company,  New  Haren,  Conn. 

Corn  Superphosphate  1.65      9         8      2      Yes      .5    .5    .9 

Potato  Manure 2.46      9         8      4      Yes      .7    .3    .9 


C 
C 


Tirginia-Carollna  Chemical  Company,  Boom  2248,  120  Broadway, 

New  York,  N.  Y. 

Eureka  Brand  1.64      9         8  10  Yes  .8  .2  .9 

Perfection  Brand   2.47    10         9  5  Yes  .8  .2  .9 

Phospho  Tobacco   13  . .  Yes  . .  . .  1.0 

Star  Brand 20  . .  Yes  . .  . .  1.0 

Universal  Brand 16  . .  Yes     . .  . .  1.0 


•Not  determined. 

tQuality  of  or^nic  nitrogen :    Not  passed. 


C 
C 
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The  revised  fertilizer  law  requires  that  purveyors  of  lime  "shall 
state  (upon  the  packages  as  a  guaranty)  minimum  and  maximum 
percentages  of  (a)  total  lime,  (b)  total  magnesia,  (c)  lime  and  mag- 
nesia combined  as  carbonates."  They  do  not  seem  in  all  cases  to  have 
followed  the  letter  of  the  law,  but  have  furnished  as  a  rule  the  essen- 
tial information  needed  to  enable  the  buyer  to  determine  what  he  is 
purchasing.     The  analytical  results  follow: 

1.    Amsden  Lime  Company's  Agricultural  Lime. 

3.*  Champlaln  Valley  Lime  Company's  Lime  and  Ashes. 

4.    Champlaln  Valley  Lime  Company's  Ground   Limestone. 

6.  Pownal  Lime  Company's  Ground  Limestone. 

7.  Producers'  Sales  Company's  Oyster  Shell  Lime. 

10.  Vermarco  Lime  Company's  Agricultural  Lime. 

11.  Vermarco  Lime  Company's  Ground    Limestone. 


1. 

3.* 

4. 

6. 

7. 
10. 
11. 
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53.60     48 
52.24     50 


70.36     68 


55.56     64 


80.06  80 

86.95  88.53 

....  .... 

94.16  96 


44.21     31 


2.83 
2.45 


1.92 


1 
1.5 


•  • . . 


•  «  •  ■         .  •  X.  I O 

■    ■   a    •              .    .  O.UV 

..  98.43  93  1.61 

..  14.40  11    94.46  91  5.04 

1.63   2.22   6.85 

O                           ....                   ....                   ....                 ..  XaOO 

..       2.11       1 2.96 


*No.3    (Lime  and  ashes)   contains  also  1.02%  potash   (0.5%  sruaranteed)   and 
0.16%  total  phosphoric  acid   (0.4%  guaranteed). 


These  goods,  with  a  single  exception,  are  as  represented.  The 
Amsden  lime,  however,  does  not  maintain  its  guaranty.  It  contains 
more  than  the  promised  amount  of  total  carbonates  but  in  different 
proportions.  It  is  a  dolomitic  limestone,  represented  by  its  guaranty 
to  carry  approximately  %  calcium  carbonate  and  %  magnesium  car- 
bonate, whereas,  as  a  matter  of  fact,  the  sample  drawn  at  their  works 
carried  respectively  $4  ^^^  %• 

It  will  be  noted  that  sometimes  the  guaranty  given  for  an  agricul- 
tural lime  is  stated  as  carbonate,  despite  the  fact  that  there  should  be 
little  carbonate  present.  In  such  cases  the  analytical  result  is  cal- 
culated on  the  basis  of  the  guaranty. 
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Discussion  of  the  Results  of  Inspection 
The  following  cases  seem  to  call  for  special  notice : 

AMERICAN    agricultural    CHEMICAL    COMPANY 

Patapsco  Matchless  Potash  Manure,  Available  phosphoric  acid 
0.4%  short  of  guaranty,  but  potash  0.8%  above  guaranty.  No  short- 
age in  total  plant  food. 

ARMOUR   FERTILIZER  WORKS 

Three-Eight-Four.  Potash  0.2%  short  of  guaranty.  Nitrogen 
and  available  phosphoric  acid  just  meet  guaranties.  Shortage  in  total 
plant  food  3%. 

BOWKER  FERTILIZER   COMPANY 

Hill  and  Drill  Phosphate,  Nitrogen  0.4%  short  of  guaranty, 
but  potash  1.1%  over  guaranty.     No  shortage  in  total  plant  food. 

JOS.  BRECK  &  SONS  CORPORATION 

Ram's  Head  Sheep  Manure.  A  single  lot  of  one  ton  was;  found 
on  sale.  The  bags  were  uniformly  guarantied  as  to  their  potash  con- 
tents (3%),  but  variously  guarantied  as  to  their  contents  of  nitrogen 
(2.16,  1.84,  1.46%)  and  phosphoric  acid  (1.25  total  0.75%  avail- 
able). This  situation  was  not  observed  by  the  sampling  agent,  but 
was  determined  on  resurvey  after  the  jobber  protested  the  advance 
report  of  analysis  and  guaranty. 

The  practice  of  multiple  guaranty  is  not  illegal,  provided  each 
bag  actually  contains  the  plant  food  actually  guaranteed  by  its  label. 
However,  such  a  practice  does  not  tend  to  inspire  confidence  on  the 
part  of  buyers.  In  this  instance  the  sampling  agent  drew  samples 
from  at  least  five  bags.  It  is  quite  impossible  to  state  how  many 
1.46's,  1.84's  or  2.16's  he  used,  nor  how  many  of  each  grade  were 
originally  carried  in  this  shipment.  All  that  can  be  said  is  that  the 
sample  drawn  contained  the  guarantied  amounts  of  phosphoric  acid  and 
potash  and  1.61%  of  nitrogen,  thus  approximating  the  lower  nitrogen 
guaranty  statement.  • 

CONSOLIDATED   RENDERING    COMPANY 

Nitrate  of  Soda.  Nitrogen  0.5%  short  of  guaranty.  Shortage  in 
total  plant  food  3%. 

Tankage.  Nitrogen  0.3%  short  of  guaranty,  but  total  phosphoric 
acid  4.4%  above  guaranty.     No  shortage  in  total  plant  food. 
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earp-thomas  cultures  corporation 

Stim-U -Plant.  Nitrogen  0.6%  and  available  phosphoric  acid 
0.6%  short  of  guaranty.     Shortage  in  total  plant  food  3%. 

LOWELL  FERTILIZER  COMPANY 

Four-Eight'Four.  Nitrogen  0.1%  and  available  phosphoric  acid 
0.2%  short  of  guaranty,  but  potash  0.4%  above  guaranty.  No  short- 
age in  total  plant  food. 

NEW   ENGLAND  FERTILIZER  COMPANY 

TwO'Eight-Six.  Available  phosphoric  acid  0.6%  short  of  guar- 
anty, but  nitrogen  and  potash  1.1%  above  guaranty.  No  shortage  in 
total  plant  food. 

Five-Eight'Seven,  Nitrogen  0.2%  and  available  phosphoric  acid 
0.5%  short  of  guaranty,  but  potash  0.5%  above  guaranty.  Shortage 
in  total  plant  food  1%. 

Four-Eight'Four,  Nitrogen  0.5%  and  available  phosphoric  acid 
0.4%  short  of  guaranty,  but  potash  0.2%  above  guaranty.  Shortage 
in  total  plant  food  4%. 

NORWEGIAN-NITRATE    PRODUCTS    COMPANY 

Nitrate  of  Lime,  Nitrogen  1.4%  or  0.4%  short  of  guaranty,  ac- 
cording to  which  is  taken  as  the  legal  guaranty.  Shortage  in  total 
plant  food  11%  or  3%,  as  the  case  may  be.^ 

CARROLL  S.  PAGE 

Nitrate  of  Soda,  Nitrogen  0.7%  short  of  guaranty.  Shortage  in 
total  plant  food  4%. 

Tankage,  Nitrogen  1.1%  short  of  guaranty,  but  total  phosphoric 
acid  3.7%  above  guaranty.     No  shortage  in  total  plant  food. 

No-FUler-Potash  Brand,  Potash  0.3%  of  guaranty,  but  nitrogen 
1%  above  guaranty.     No  shortage  in  total  plant  food. 


^  This  company  made  a  gruaranty  of  13  percent  nitrogen  and  the  license  was 
issued  on  that  basis  and  the  goods  so  branded.  Under  date  of  May  4,  after  sales 
had  been  consummated  and  samples  drawn,  it  stated  its  desire  "to  change  the 
nitrogen  guaranty  to  12  percent"  on  the  grround  that  the  product  might  have 
absorbed  water.  It  pointed  out  that  such  absorption,  if  it  took  place,  would  tend 
to  increase  the  package  weight  and  in  no  respect  to  lower  the  actual  amount  of 
nitrogen  present  In  terms  of  weight.  Under  date  of  May  8  the  company  was  advised 
that  the  guaranty  was  "the  statement  which  met  the  eye  of  the  purchaser  affixed 
to  the  package"  and  that  the  writer  had  no  power  to  permit  modification  after 
sales  had  been  made.  It  was  further  advised  to  notify  each  Vermont  purchaser, 
giving  the  reasons  why  it  desired  to  change  the  guaranty,  setting  forth  that  the 
change  in  nowise  diminished  the  total  amount  of  nitrogen  purchased. 

It  will  be  observed  that  the  goods  fail  to  meet  guaranty  on  either  the  13 
or  the  12  percent  basis.  A  material  of  this  character  is  difficult  to  handle  in  fer- 
tiliser inspection. 
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rogers  &  hubbard  company 

Soluble  Potato  Manure,  Nitrogen  0.5%  short  of  guaranty,  but 
available  phosphoric  acid  0.6%  and  potash  0.7%  above  guaranty.  No 
shortage  in  total  plant  food. 

Three-Eight'Ten.  Available  phosphoric  acid  0.4%  short  of  guar- 
anty, but  nitrogen  0.4%  and  potash  0.9%  above  guaranty.  No  short- 
age in  plant  food. 

ROYSTER  GUANO  COMPANY 

Landmark  Guano.  Nitrogen  0.3%  short  of  guaranty,  but  avail- 
able phosphoric  acid  1.3%  above  guaranty.  No  shortage  in  total 
plant  food. 

Quantity  of  plant  food.  The  fertilizers  sold  in  Vermont  during 
the  spring  of  1922 — if  one  may  judge  by  the  results  of  inspection — as 
a  whole  were  up  to  the  usual  grade.  There  were  506  guaranties  made, 
31  of  which,  or  1  in  16,  were  not  maintained.  Twelve  of  these  rep- 
resented shortages  of  0.25%  or  less,  while  only  10  were  in  excess  of 
0.50%.  The  distribution  of  these  10  shortages  is  interesting:  Mixed 
fertilizers  2,  nitrates  3,  sheep  manures  2,  special  preparation  for  flowers 
2,  tankage  1.  In  the  18  cases  cited  on  pages  12-13  "no  shortage  in  total 
plant  food"  is  indicated  10  times,  the  deficiency  in  one  or  more  plant 
foods  being  compensated  for  by  excess  over  guaranty  of  other  forms. 
In  the  other  instances,  the  shortages  in  6  cases  ranged  from  1  to  4%. 
The  other  two  cases  represented  a  deliquescent  nitrate  of  lime*  and  an 
over-guaranteed  sheep  manure.  The  manufacturers  as  usual  and 
very  properly  furnished  little  more  plant  food  than  they  promised 
to  supply.  The  average  mixed  fertilizer  was  guaranteed  to  carry  ap- 
proximately 2%%  nitrogen,  9%  total  and  8%  available  phosphoric  acid 
and  4%%  potash.  It  averaged  to  contain  not  more  than  5%  in  excess 
of  these  figures,  that  is  to  say,  for  every  100%  of  total  plant  food 
guaranteed,  on  the  average  not  more  than  105%  was  furnished. 

Quality  of  plant  food.  The  information  formerly  furnished  as  to 
the  nitrate  and  ammoniacal  nitrogen  contents  of  the  several  brands 
of  mixed  fertilizers  can  not  be  furnished  at  present  owing  to  the 
insufficiency  of  the  funds  available  for  control  work.  However,  the 
availability  of  the  organic  nitrogen  was  determined  as  usual.  Only 
one  brand  was  found  to  contain  what  seemed  to  be  an  undue  amount 
of  unavailable  organic  nitrogen,  namely,  Rogers  &  Hubbard's  One- 
Eight-Two.  This  is  the  best  result  secured  at  this  Station  during  its 
20  years  of  study  of  the  character  of  the  organic  nitrogen  in  fertilizers. 


^  S^e  footnote  statement  on  pagre  IS. 
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The  proportion  of  the  total  phosphoric  acid  furnished  in  an  avail- 
able form  is  greater  today  than  in  former  years.  Twelve  percent  of 
the  brands  carrying  available  phosphoric  acid  contained  over  95%  of 
the  total  phosphoric  acid  in  available  form;  70%  contained  from  85 
to  95%  in  available  form;  15%  from  75  to  85%  in  available  form;  and 
only  four  brands  contained  less  than  75%  in  available  form — an  ad- 
mirable showing. 

The  average  potash  content  of  the  goods  is  quite  up  to  that  of  the 
pre-war  basis. 

A  survey  of  the  reported  selling  prices  indicates  that  the  prices 
indicated  below  for  the  grades  specified  approximately  represent  the 
average  figures.  These  grades  doubtless  cover  more  than  %,  perhaps 
more  than  %o,  of  the  total  Vermont  sales  of  mixed  fertilizers.  How- 
ever, great  variations  occurred.  For  example,  13  selling  prices  for 
a  certain  grade  of  goods  ranged  from  $35  to  $44;  11  of  another  grade 
from  $39  to  $47,  and  the  extremes  were  observed  at  not  distant  points. 
Furthermore,  no  greater  fluctuations  occurred  than  usual,  a  lessened 
tendency  towards  price  standardization  being  found  than  in  the  past. 
Hence  the  figures  do  not  mean  much. 

12-2,    $36.  1^8-1,  $34.  1-8-2,    $36. 

2-8-2,  $39.  2-S-3,  $42.  2-8-6,    $46. 

3-9-2,  $42.  3-8-4,  $46.  3-^10,  $50. 

4-8-4,  $49.  4-^7,  $49.  4-6-10,  $53. 

5-8-7,  $49.  6-6-4,  $54. 

FEEDING  STUFFS  INSPECTION 

The  sampling  agents  of  the  Station  visited  58  cities,  towns  and 
villages  in  Vermont  in  the  winter  and  spring  of  1922,  and  drew  762 
samples  from  dealers'  stocks,  representing  294  brands  of  goods  which 
are  subject  to  guaranty.  The  samples  have  been  examined  chemically 
for  protein  only  because  of  lack  of  funds. 

The  law  seems  fairly  well  observed  at  present.  Unguaranteed 
goods  are  infrequent  and  overguaranties  are  not  as  common  as  once 
they  were;  but  overstatements  in  advertising  still  occur. 

The  following  condensed  statements  set  forth  the  facts  as  to 
protein  guaranty  maintenance  as  determined  in  the  present  inspection. 
Within  groups,  the  order  of  statement  is  alphabetical  by  names  of 
manufacturers  or  jobbers.  Manufacturers'  or  jobbers'  names  and  ad- 
dresses are  printed  in  small  capitals,  brand  names  in  italics,  guaran- 
ties in  figures  in  parenthesis  following  the  brand  name.  The  deficiency 
in  protein  contents,  if  any,  is  stated  following  the  guaranty  in  italics. 
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COTTONSEED  MEALS 

a 

PBOTEIN    OUABANTIES    FUI^ILLED 

American  Cotton  Oil  Co.,  New  York,  N.  Y.,  Aco  (41.18);  Surety  (36). 
AsHCROFT- Wilkinson  Co.,  Atlanta,  6a.,  Helmet  (41) ;  Monarch  (43) ; 
Paramount  (36).  F.  W.  Brod6  Co.,  Memphis,  Tenn.,  Owl  (43). 
Cameron-Daniel  Co.,  Atlanta,  Ga.,  Oood  (36).  S.  P.  Davis.  Little 
Rock,  Ark.,  Good  Luck  (41) ;  Beauty  (36).  Fobest  City  Cotton  Oil  Co.. 
Forest   City,   Ark.,   Pointer    (43).    Humphreys-GJodwin   Co.,    Memphis, 

Tenn.,  Danish  (36),  (36) ;  Dixie  (41).    Jennings,  Brown  Co.. , 

Palomer  (41).  L.  B.  Lovett  &  Co.,  Memphis.  Tenn.,  S6  Brand  (36). 
Lyle  &  Lyle,  Huntsville,  Ala.,  Economy  (36),  (36).  Marianna  Cot- 
ton Oil  Co.,  Marianna,  Ark.,  White  Mule  Brands:  Oood  (36) ;  Prime  (41), 
(43),  (43).  East  St.  Louis  Cotton  Oil  Co.,  East  St.  Louis.  III.,  Bt. 
Clair  (36).    A.  C.  Westervelt  &  Co.,  Memphis,  Tenn.,  Planet  (43). 

PROTEIN    GUARANTIES    NOT   FULFILUCD 

American  Cotton  Oil  Co.,  New  York,  N.  Y.,  Longhom  Prime  (guaranty  43, 
analysis  41.4).  Ashcroft- Wilkinson  Co.,  Atlanta,  Ga.,  Monarch  (guar- 
anty 43,  analysis  41.9);  Paramount  (guaranty  36,  analysis  33.8).  F.  W. 
Bbod6  Co.,  Memphis,  Tenn.,  Owl  (guaranty  36,  analysis  34.9).  S.  P. 
Davis,  Lfttle  Rock,  Ark.,  Oood  Luck  (guaranty  41,  analysis  38.4). 
HuMPHREYS-€k)DwiN  Co.,  LITTLE  RocK,  Ark.,  Bull  (guaranty  43,  analysis 
41),  (guaranty  43,  analysis  41.4);  Dixie  (guaranty  41,  analysis  37.9). 

LINSEED  MEAL 

PROTEIN  GUARANTIES  FULFILLED 

American  Linseed  Ck).,  Buffalo,  N.  Y.,  Old  Process  Oil  Meal  (36),  (35),  (35), 
(35),  (34),  (34).  American  Milling  Co.,  Peoria,  III.,  Amco  Old  Process 
and  Screenings  (30).  Archer-Daniels  Linseed  Co.,  Buffalo,  N.  Y.,  Old 
Process  Chround  Oil  Cake  (34),  (34).  Kelloggs  ft  Miller,  Amsterdam. 
N.  Y.,  Old  Process  (30),  (31).  Midland  Linseed  Products  Co.,  Minne- 
apolis, Minn.,  Pure  Old  Process  Ground  Linseed  Cake  (34) ;  Argentine 
Old  Process  (33).  Toledo  Seed  ft  Oil  Co.,  Toiedo,  Ohio,  Old  Process 
(33). 

protein  guaranties  not  fulfilled 

Spencer  Keltxkjg  ft  Sons,  Inc.,  Undercliff,  N.  J.,  Buffalo,  N.  Y..  Pure  Old 
Process  Oil  Meal  (guaranty  31,  analysis  29.5). 

GLUTEN  MEAL  AND  FEEDS 

protein  guaranties  fulfilled 

American  Maize  Products  Co.,  New  York,  N.  Y.,  Cream  of  Corn  (23),  (23). 
Clinton  Corn  Syrup  Refining  Company,  Clinton,  Iowa,  Clinton  (23), 
(23).  Corn  Products  Refining  Co.,  New  York,  N.  Y.,  Diamond  (Meal) 
(40),  (40);  Buffalo  (23),  (23).  J.  C.  Hubinger  Bros.  Ck).,  Keokuk. 
Iowa,  KKK  (23).  A.  E.  Staley  Manufacturing  Co.,  Decatur.  In*. 
Staley's  (23),  (23). 

DISTILLERS'  AND  BREWERS'  BY-PRODUCTS 

protein  guaranties  fulfilled 

Donahue-Stratton  Co.,  Milwaukee,  Wis.,  Calgary  Distillers*  Grains  (26). 
Farmers'  Feed  Co.,  New  York,  N.  Y.  Bull  Brand  Brewers'  Grains  (21). 
Fleisohmann  Co.,  Peekskill,  N.  Y.,  Fleischmann*s  Dried  Grains  (17), 
(17).  Rossviixe  Co.,  Lawrenceville,  Ind.,  Rossville  Distillers*  Chuins 
(30). 
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PBOTEIN  GUARANTIES  NOT  FULFILLED 

Farmers'  Feed  Co.,  New  York,  N.  Y.,  Bull  Brand  Brewers'  Grains  (guaranty 
21,  analysis  19.1). 

WHEAT  OFFALS— WHEAT  BRAN 

protein  guaranties  fulfilled 

Anthony  Mills,  Anthont,  Kan.,  Wheat  Bran  and  Wheat  Screenings  (not 
to  exceed  8%)  (14.5).  E.  W.  Bailet  &  Co.,  Montpeuer,  Vt.,  Pennant 
(14.6).  Commander  Milling  Co.,  Minneapolis,  Minn.,  Commander 
(14.5),*  (11.5).  Duluth-Superior  Milling  Co.,  Duluth,  Minn.,  Duluth 
Imperial*  (15.5).  Duluth  Universal  Milling  Co.,  Duluth,  Minn., 
Duluth*  (13.8),  (13.8).  Everett,  Aughenbaugh  Co.,  Waseca,  Minn.,  Pure 
(14.6).  Federal  Mill  &  Elevator  Co.,  Inc.,  Lockport,  N.  Y.,  Lucky*  (12), 
(15);  Dairy  Maid  (12.5).  International  Milling  Co.,  Indianapolis, 
IND.,  Blackhawk  (14.5),  (14.5).    Lamar  Flour  Mills  Ck>.,  Lamar,  Ck)L., 

(14.5).    Larabee  Flour  Mills  Corporation,  Kansas  City,  Mo., 

,♦    (15).    Maney  Milling  Co.,  Omaha  Milling  Co.,  Omaha, 

Neb., ,♦  (14).    Midland  Flour  Milling  Co.,  Kansas  City,  Mo., 

(14.5).    National  Feed  Co.,  St.  Louis,  Mo.,  National  (14.5), 

(14.5).    Northwestern  Consolidated  Milling  Co.,  Minneapolis,  Minn., 

(13).    Ogdensbubg  Roller  Mills,  Ogdensburg,  N.  Y.,  Ogdens- 

"burg*  (15).  Pillsbury  Flour  Mills  Co.,  Minneapolis,  Minn.,  Pills- 
tury's*  (13),  (13),  (14).  Quaker  City  Flour  Milling  Co.,  Philadel- 
phia, Pa.,  (13).    Red  Star  Milling  Co.,  Wichita,  Kans.* 

(15).  Southwestern  Milling  Co.,  Inc.,  Kansas  City,  Mo.,  Red  Turkey 
(14.5).    Stokes   Milling  Co.,  Watertown,   So.   Dak.,  Oarland*    (16.1). 

David    Stott  Flour  Mili^,   Inc.,   Detboit,   Mich.,   ♦    (14.5). 

Superior  Milling  CJo.,  Superior,  Wis.,  Duluth  Imperial  (15.5).  Valley 
City  Milling  Co.,  Grand  Rapids,  Mich.,  Rowena  (14).  Voight  Milling 
Co.,  Grand  Rapids,  Mich.,  YoighVs  (14.5).  Washburn-Crosby  Co.,  Min- 
neapolis, Minn., ♦  (13),  (14);  Durum  (12).    Western  Canada 

Flour  Mills  Co.,  Ltd.,  Winnipeg,  Man.,  Pioneer  (14.5).    Weber  Flour 

Mills    Corp.,    Saona,    Kans.,    Tea    Table    (14.5);    •    (14.5). 

Yerxa,  Andrews  &  Thurston,  Minneapolis,  Minn.,  Durum   (14). 


WHEAT  OFFALS— WHEAT  MIDDLINGS 
protein  guaranties  fulfilled 

Bill,  Bell  &  Co.,  Ogdensburg,  N.  Y.,  Flour*  (16.18);  Shorts*  (16).  Com- 
mander Milling  Co.,  Minneapolis,  Minn.,  Commxinder*  (16).  Con- 
solidated Milling  Co.,  Minneapolis,  Minn.,  Standard  (14).  Crookston 
Milling  Co.,  Crookston,  Minn.,  ¥Hne*  (15.3).    Eagl£  Roller  Mills  Co., 

New  Ulm,  Minn., ♦  (15).    Federal  Mill  &  Elevator  Co.,  Inc., 

Lockport,  N.  Y..  Dairy  Maid*  (13);  Luck  (16.5).  International  Mill- 
ing Co.,  Minneapolis,  Minn.,  Black  Hawk  Standard*  (15).  Maple  Leap 
Milling  Co.,  Ltd.,  Toronto,  Ont.,  Rex*  (16).  Mosley  &  Motley  Milling 
Co.,  Rochester.  N.  Y.,  Mosley  d  Motley*  (15),  (15).  Newsome  Feed  & 
Grain  Co..  Pittsburo,  Pa.,  Palmo  (16).  Niagara  Falls  Milling  Co., 
Niagara  Falls,  N.  Y..  Niagara  (16.5).  Northwestern  Consoijdated 
Milling  Co.,  Minneapolis,  Minn.,  Standard*  (14),  (14);  Flour*  (15). 
Ogdensburg  Rolleb  Mills,  Ogdensburg,  N.  Y.,  Oema  (16).  Pillsbury 
Flour  Mills  Co.,  Minneapolis,  Minn.,  Pillsbury's  A*  (15) ;  Standard  B* 

(14);  (14);   Daisy  XX  (16);  Daisy   (13).    Russeli^Miller 

Milling  Co.,  Minneapous.  Minn.,  Alta  (15),  (15.3).  St.  Albans  Grain 
Co..  St.  Albans,  Vt.,  Wirthmore  (14),  (14).  David  Stott  Fi/)ur  Mills, 
Inc.,  Detroit.  Mich.,  Pennant  (15.5),  (15.5) ;  Rye  (10).  Tennant  ft  Hoyt, 
Lake  City,  Minn.,  Tennant  d  Hoyt*  (16).  Thornton  &  Chester  Mill- 
ing Co.,  Buffalo.  N.  Y..  Thornton  d  Chester*  (15).  Thompson  Milling 
Co.,  Lockport,  N.  Y.,  Angelus*  (11).    Valley  City  Mhxtng  Co.  Grand 


*With  £Tound  screenings  not  exceeding  mill  run. 
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Rapiob,  Mich.,  Farmers''  Favorite*  (13).  Washbubn-Cbosbt  Muxdvg  Co.. 
MINNEA.P0IJ8,  Minn.,  Standard*  (14),  (14),  (16);  Adrain  Red  Dog 
(16.2). 

WHEAT  OFFALS— WHEAT  MIXED  FEED 

FBOTEIN  OUASANTIES  FUUILUED 

Ansted  k  BuBKK  Ck>.,  Spbingfi£ld,  Ohio,  William  Tell  (15.6).  E.  W.  Bailet 
ft  Co.,  MoNTPELDEB,  Vt.,  Fancy  (16);  Capital  (14),  (14).  Caledonia 
Mills,  Inc.,  St.  Johnbbuby,  Vt.,  Brooks'  Fancy  (16).  Fedeeal  Mux  ft 
Elevatob  Ck).,  Inc.,  Lockpobt,  N.  Y..  Dairy  Maid*  (13),  (14) ;  Lttcky  (12). 
E.  T.  ft  H.  K.  IDE,  St.  Johnsbubt,  Vt.,  Ideal  Fancy*  (15),  National 
Milling  Ck>.,  Toucdo,   Ohio,   Osota*    (15),    (16);   Pennant    (16),    (16). 

NoBTHWESTEBN    Ck)N80LIDATED    MILLING    Co.,    MINNEAPOLIS,    MiNN.,    PUinet 

(15),  (16).  PiLii9BUBT  Floub  Mills  Co.,  Minneapolis,  Minn.,  Daisy 
(16),  (16);  Fancy*  (14),  (14).  Pobtland  Milling  Ck>.,  Pobtland,  BiiCH., 
CJiampion*  (13.96).  Postum  Cebeal  O).,  Battle  Cbeek,  Mich.,  Burt's 
Cereal  (17).  Russell-Muxeb  Milling  Ck).,  Minneapolis,  Minn.,  Oc- 
cident* (16).  St.  Albans  Gbain  0>.,  St.  Albans,  Vt.,  Wirthmore*  (16), 
(15);  Welden*f  (12),  (12).  C.  A.  Smith,  St.  Johnsbubt,  Vt.,  Bmith's 
Fancy*  (15).  F.  W.  Stock  ft  Sons,  Hillsdale,  BiicH.,  Monarch*  (16); 
Superior*  (16).    David  Stott  Floub  Mills,  Inc.,  Detroit,  Mich,  BtotVs 

Honest  (14.5),  (14.6).    Thompson  Milling  Co.,  Lockpobt,  N.  Y., • 

(15.57).  Vallet  Cttt  Milling  Co.,  Gband  Rapids,  BiicH.,  Rowena*  (15). 
BouTWELL  Milling  ft  Gbain  Co.,  Tbot,  N.  Y.,  Boutwell  Rye*  (13.6). 

WHEAT  OFFALS— RED   DOG  FLOUR 

PBOTEIN  GUABANTIES  FULFILLED 
DULUTH-SUPEBIOB    MILLING    Co.,    SUPEBIOB,    WiS.,    (16).      EmPIBB 

Milling  Co.,  Minneapolis,  Minn.,  Ivanhoe  (18),  (18).    LAPAPBaR  bYoub 

Mills  Cobp.,  Kansas  Crrr,  Mo., (15).    Mabshall  BIilling  Co., 

Mabshall,  Minn.,  (16.7).    Niagaba  Falls  Milling  Co..  Ni- 

aoaba  Falls,  N.  Y., (14).  Nobthwestebn  Ck>NSOLiDATED  Mill- 
ing Ck>.,  Minneapolis,  Minn.,  XXX  Cornet  (16).  Red  Wing  Mhjjno  Co., 
Red  Wing,  Minn.,  Bixota  (14.6).    Geobge  Ubban  Milling  Co.,  Buffalo, 

N.   Y.,   (16).    Washbubn-Cbosby    Co.,   Minneapous,    Minn., 

Arlington  (14);   Adrian   (16),   (16). 

OAT  HULLS,  ETC. 

pbotein  guabanties  fulfilled 

Abmoub  Gbain  Co.,  Chicago,  III.,  (4),  (4).    Nobthebn  Illinois 

Cebeal  Co.,  Lockpobt,  III.,  Reground  Oat  Feed  (3.6). 


HOMINY  FEEDS 

PBOTEIN  GUABANTIES  FULFILLED 

AcME-EvANS  Co.,  Indianapolis,  Ind.,  Homilk  (8.5).  American  Hominy  Co., 
Indianapous,  Ixd.,  Homco  (10).  Evans  Milling  Co.,  Indianapolis,  Ind.. 
Emco  Evans  (10).  Fabmers'  Coopebative  Euevatob  Co.,  Sbtmoub,  Ind., 
Farmers'  (10).  Kellogg  Toasted  Cobn  F^lakes  Co.,  Battle  Cbeek, 
Mich.,  White  (10).  Landish  Miixing  Co.,  Milwaukee,  Wis.,  True  Value 
(10.5).  Mystic  Mills  Mtllino  Co.,  Sioux  Citt,  Iowa,  Mystic  Yellow  (8.6). 
Plymouth  Milling  Co.,  Le  Mabs,  Iowa,  Plymouth  (10),  (10).  Quakkb 
Oats  Co.,  Chicago,  III.,  Yellow  (10.5),  (10.5).  Snydeb  Milling  Co., 
Chillicothe,  Ohio,  Logan  (10). 

*With  firround  screenings  not  exceedingr  mill  run. 
tContalns  white  corn  flour. 
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ALFALFA  MEAL 

pbotein  guabanties  fulfilled 

Denver  Alfalfa  Milling  &  Pboducts  Co.,  Lamab,  Colo.,  ,   (12), 

(12).    Otto  Weiss  Milling  CJo.,  Wichita,  Kans.,  Otto  Weiss  (12). 

DRIED  BEET  PULP 

protein  guaranties  fulfilubd 

Clover  Leaf  Milling  Co.,  Buffalo,  N.  Y.,  Clover  Leaf  (8).  Great  Western 
Sugar  CJo.,  Denver,  Colo.,  ,  (8).  Larrowe  Miluno  Co.,  De- 
troit, Mich., (8),  (8).    Michigan  Sugar  Co.,  Saginaw,  Mich., 


(8). 


PROPRIETARY  FEEDS— DAIRY 

protein  guaranties  fulfilled 

Addison   County   Farmers'   E2xchange,    Middlebury,  Vt.,   (20). 

Aegady  Farms  Milling  Ck>.,  Chicago,  III.,  Riverdale  (24).  Armour 
Grain  Co.,  Chicago,  III.,  Armour's  (22).  E.  W.  Bailey  &  Co.,  Mont- 
PEUER,  Vt.,  Capital  (23),  (23).  Caledonia  County  Farm  Bureau  Ex- 
change, Inc.,  St.  Johnsbury,  Vt.,  Farmers*  Ideal  Dairy  Ration  (22). 
Caledonia  Mills,  St.  Johnsbury,  Vt.,  Eastern  States  (22).  Chapin  & 
Co.,  Hammond,  Ind.,  Unicom  (24),  (24),  (24).  City  Feed  Co.,  St.  Al- 
bans, Vt.,  Farmers'  Favorite  (25),  (25).  Clover  Leaf  Milling  Ck)., 
Buffalo,  N.  Y.,  Advanced  Registry  (25) ;  Peerless  (20) ;  Clover  Leaf  (16). 

E.  Crosby  &  (3o.,  Brattlebobo,  Vt.,  Ready  Ration  (25).  Elmore  Milling 
Co.,  Onbonta,  N.  Y.,  Elmore  Milk  Grains  (25) ;  Dair^  Ration  (25).  J.  E. 
Foster,  South  Royalton,  Vt.,  Farm  Bureau  Formula  (20).  D.  H. 
Grandin  Milling  Co.,  Jamestown,  N.  Y.,  Twin  Six  (22).  E.  T.  &  H.  K. 
IDE,  St.  Johnsbury,  Vt.,  Ideal  (24);  Krackerjack  (20).  International 
Sugar  Feed  Co.,  Minneapolis,  Minn.,  Diamond  (24) ;  Minnesota  Dairy 
(10.6).    Kasco  Mills,  Inc.,  Toledo,  O.,  Beats  All  Milk  Grains  (22),  (22). 

F.  D.  Lapelle,  Swanton,  Vt.,  2S%  Dairy  Ration  (23).  Labbowe  Milling 
Co.,  Detroit,  Mich.,  Larro  Feed  (20),  (20);  Big  Six  Complete  (21). 
Park  &  Pollard  Co.,  Boston,  Mass.,  Stevens  ^4  (24),  (24).  C.  C.  Pat- 
terson &  Co.,  Memphis,  Tenn.,  Quarto  (24).  Pillsbuby  Flour  Mills 
Co.,  Minneapolis,  Minn.,  Pillshury's  (20).  Quaker  Oats  Co.,  Chicago, 
III.,  Big  Q  (21).  Ralston  Purina  Co.,  Inc.,  St.  Louis,  Mo.,  Buffalo, 
N.  Y.,  Purina  Cow  Chow  Feed  (24).  St.  Albans  Grain  Co.,  St.  Albans, 
Vt.,  Paraxon  (22),  (22);  Wirthmore  Balanced  Ration  (25),  (25),  (24); 
Wirthmore  Dairy  Feed  with  Beet  Pulp  (21),  (21).  Ubiko  Milling  Co., 
Cincinnati,  O.,  Union  Cfrains  (24),  (24).  United  States  Food  Products 
Corporation,  Peoria,  III.,  Farmer  Jones  (20);  Melocom  (20).  West- 
erly Grain  ft  Flour  Co.,  Westerly,  R.  I.,  Favorite  (18). 

PROTEIN  GUARANTIES  NOT  FULFILUSD     ' 

Caledonia  Mills,  St.  Johnsbury,  Vt.,  Green  Mountain  (guaranty  23,  analysis 
21.9).  E.  Crosby  &  Co.,  Brattlebobo,  Vt.,  Ready  Ration  (guaranty  25, 
analysis  24.2).  W.  B.  Johnson  ft  Co.,  Essex  Junction,  Vt.,  Johnson's 
Perfection  Dairy  No.  1  (guaranty  22,  analysis  20.8).  Mabitime  Tbading 
Corporation,  Buffalo,  N.  Y.,  Bull  Brand  (guaranty  24,  analysis  22.2; 
guaranty  24,  analysis  23).  St.  Albans  Grain  Co.,  St.  Albans,  Vt.,  Wirth- 
more Balanced  Ration  (guaranty  26,  analysis  24.7).  C.  A.  Smith,  St. 
Johnsbury,  Vt.,  Smith's  (guaranty  23,  analysis  21.7). 

PROPRIETARY  FEEDS— STOCK 

protein  guaranties  fulfilled 

E.  W.  Bailey  ft  Co..  Montpeoeh,  Vt.,  Pennant  (9),  (9).  Clover  Leaf  Mill- 
ing Co.,  Buffalo,  N.  Y.,  Black  Beauty  Horse  (10).  E.  Crosby  ft  Co.. 
Brattleboro,  Vt.,  Zenith    (8.5).    D.   H.   Grandin  Milung  Co.,  James- 
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TOWN,  N.  Y.,  Orandin*8  (9).    F.  D.  Lafelle,  S wanton,  Vt., , 

(9).  PuBiTY  Oats  Co.,  Davenport,  Iowa,  Iowa  (10),  (10).  Quaker 
Oats  Co.,  Chicago,  III,,  Schumacher  (10),  (10);  Sugared  Schumacher 
(10),  (10);  Vim  (5),  (5);  White  Diamond  (8),  (8.5).  Ralston  Purina 
Co.,  St.  Louis,  Mo.,  Purina  0-Molene  (9.7).  St.  Albans  Grain  Co.,  St. 
Albans,  Vt.,  Wirthmore  (9),  (9);  Charlestock  (10).  David  Stott 
Flour  Mills  Co.,  Inc.,  Detroit,  Mich.,  Stott's  Winner  Chop  (8.5). 
Stbatton  &  Co.,  Concord,  N.  H.,  Stratton  24  (7.5).  United  States  Food 
Products  Corporation,  Peoria,  III.,  Tea-Ted  (10),  (10). 

PROPRIETARY  FEEDS— CALF 
protein  guaranties  fulfilled 

Blatchford's  Caw  Meal  Co.,  Waukegan,  III,  Blatchford'8  (24),  (24). 
Quaker  Oats  Co.,  Chicago,  III.,  Schumacher  (18).  Ryde  &  CJo.,  Chicago, 
III,  Ryde' 8  Cream  Quality  (25). 

PROTEIN  guaranties  NOT  'FULFILLED 

Ralston  Purina  Co.,  St.  Louis,  Mo.,  Purina  Calf  Chow  (guaranty  27,  analysis 
25).  Rydb  &  Co.,  Chicago,  III.,  Ryde^s  Cream  Quality  (guaranty  25, 
analysis  23.7). 

PROPRIETARY  FEEDS— SWINE 

PROTEIN  GUARANTIES   FULFILLED 

Chapin  &  Co.,  Hammond,  Ind.,  Bicom  (17.5).  Park  &  Pollard  Co.,  Boston, 
Mass.,  Oo-Tu-It  (15),  (15).  St.  Albans  Grain  Co.,  St.  Ausans,  Vt., 
Wirthmore  Hog  (17),  (17);  Wirthmore  Pig  (18),  (18). 

PROPRIETARY  FEEDS— POULTRY  FEEDS— MASHES 

protein  guaranties  fulfilled 

Caledonia  Mills,  St.  Johnsbury,  Vt.,  Oreen  Mountain  (19).  Clover  Leaf 
Milling  Co.,  Buffalo,  N.  Y.,  Clover  Leaf  Egg  (18).  Cutler  (^..  Wil- 
braham,  Mass.,  King  (18).  Elmore  Milling  Co.,  Oneonta,  N.  Y.,  El- 
more Egg  (18) ;  Growing  Mash  (17).  D.  H.  Grandin  Milling  Co.,  James- 
town, N.  Y.,  Orandin'8  Dry  {with  Buttermilk)  (20).  Hales  &  Hunter 
Co.,  Chicago,  III.,  Red  Comb  Egg  (16).  E.  T.  &  H.  K.  Ide,  St.  Johns- 
bury,  Vt.,  Ideal  (20).  W.  B.  Johnson  &  Co.,  Essex  Junction,  Vt., 
Johnson's  (16).  Kasco  Milling  Co.,  Toledo,  O.,  Fullnest  (20),  (18.5). 
F.  D.  Lapelle,  Swanton,  Vt.,  Egg  Producing  (18).  Park  &  Pollard  Co., 
Boston,  Mass.,  Lay  or  Bust  (18),  (18).  Purity  Oats  Qo.,  Davenport, 
Iowa,  Iowa  (18).  Quaker  Oats  Co.,  Chicago,  III.,  Full-0-Pep  (20), 
(20).  St.  Albans  Grain  Co.,  St.  Albans,  Vt.,  Wirthmore  ButtermiUc 
(20).    W.  R.  White,  North  Bennington,  Vt.,  Flynn's  (18). 

PROPRIETARY  FEEDS— POULTRY  FEEDS— SCRATCH  FEEDS 

protein  guaranties  fulfilled 

Armour  Grain  Co.,  Chicago,  III..  Iroquois  (10).  Black  Rock  Miluno  Co., 
Black  Rock,  N.  Y.,  Pontiac  (10).  Elmore  Milling  Ck).,  Oneonta,  N.  Y., 
Elmore  (10).  D.  H.  Grandin  Milling  Co.,  Jamestown,  N.  Y.,  Crrandin*s 
(10).  Hale  &  Hunter  Co.,  Chicago,  III.,  Red  Comb  (10).  E.  T.  &  H.  K. 
Ide,  St.  Johnsbury,  Vt.,  Ideal  (10).  Kasco  Mili^,  Waverly,  N.  Y.. 
Kasco  (10).  Maritime  Trading  Corporation,  Buffalo,  N.  Y.,'  Bull 
Brand  (11).  Park  &  Polij^rd  Co.,  Boston,  Mass.,  Red  Ribbon  (10), 
(10);  Pontiac  (10).  Quaker  Oats  Co.,  Chicago,  III.,  Schumacher  (10); 
Full-0'Pep  (10),  (10).  St.  Albans  Grain  Co.,  St.  Albans,  Vt.,  Wirth- 
more (11),  (11). 
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PBOTEIN  GUABANTIES  NOT  •FUU'ILLED 

Quaker  Oats  Co.,  Chicago,  III.,  Early  Bird  (guaranty  10,  analysis  9.2). 
PROPRIETARY  FEEDS— POULTRY  FEEDS— CHICK  FEEDS 

PBOTEIN  GUABANTIES  FULFILLED 

Elmobe  Milling  Co.,  Oneonta,  N.  Y.,  Elmore  (10).  D.  H.  Grandin  Milling 
Ck).,  Jamestown,  N.  Y.,  OrandWs  (10).  F.  D.  Lapelus,  Swanton,  Vt., 
Bahy  Chick  (10).  Pabk  &  Pollabd,  Boston,  Mass.,  Buttermilk  Booster 
(12);  Red  Rihhon  (10);  Baby  Buster  (11),  (11);  Intermediate  (10), 
(10);  Bonnie  Booster  (12).  Quaker  Oats  Co.,  Chicago,  III.,  Full-0-Pep 
Coarse  (10);  Full-O-Pep  Fine  (10);  Schumacher  Little  Chick  (9).  St. 
Albans  Gbain  Co.,  St.  Albans,  Vt.,  Wirthmore  Buttermilk  Baby  Chick 
(13.5);  Wirthmore  Gritless  (11). 

PBOTEIN   guaranties    NOT   FULFILLED 

St.  Albans  Grain  CJo.,  St.  Albans,  Vt.,  Wirthmore  Intermediate  (guaranty 
11,  analysis  10.1). 

PROPRIETARY  FEEDS— POULTRY  FEEDS— GROWING  FEEDS 

PBOTEIN  GUABANTIES  FULFILLED 

John  Eshelman  &  Sons,  Lancasteb,  Pa.,  Eshelman^s  Groioing  Mash  (16). 
D.  H.  Gbandin  Milling  Co.,  Jamestown,  N.  Y.,  Qrandin's  (14).  Park 
ft  Pollard  Co.,  Boston,  Mass.,  (10),  (10),  (10).  Quaker  Oats  Co.,  Chi- 
cago, luL.,  Full-0-Pep  (17),  (17);  Full-O-Pep  Fattening  (16).  St.  Albans 
Grain  Co.,  St.  Albans,  Vt.,  Wirthmore  (15),  (15). 

PROPRIETARY  FEEDS— POULTRY  FEEDS— MISCELLANY 

PBOTEIN  GUARANTIES   FULFILLED 

Burlington  Rendering  Co.,  Burlington,  Vt.,  Burlington  Poultry  Food  (40). 
Green  Chick  Feed  Co., -,  Qreen*s  Poultry  Food  (35). 

Discussion  of  the  Results  of  Inspection 

Samples  were  taken  representing  63  brands  of  the  high  protein 
by-products  (cottonseed  and  linseed  meals,  gluten  feeds  and  meals, 
brewers'  etc.  dried  grains),  24  brands  of  low  protein  products  other 
than  wheat  offals  (hominy  feed,  dried  beet  pulp,  etc.),  123  brands  of 
wheat  offals  (brans,  middlings,  mixed  feeds,  red  dog  flour)  and  156 
brands  of  proprietary  brands  (ready  mixed  rations  for  dairy  cows, 
horses,  poultry,  calves,  swine  and  stock  in  general). 

Failure  to  guaranty  is  a  thing  of  the  past.  In  only  two  cases  out 
of  762  was  the  guaranty  missing.  In  one  case  the  labels  were  so  torn 
and  obscure  that  no  one  could  make  them  out;  and  the  other  repre- 
sented a  Farmers'  Exchange  selling  from  bulk  stock  and  technically, 
not  called  upon  to  furnish  a  guaranty  unless  asked  for  it  by  the 
purchaser. 

The  general  outcome  is  not  materially  unlike  that  observed  in 
former  years.     Only  21  brands  out  of  nearly  300  showed  deficiencies 
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that  can  be  regarded  as  serious.  The  cottonseed  meals  were  a  bad 
lot.  A  third  of  the  samples  failed  to  meet  their  guaranties.  Doubtless 
the  desperate  situation  in  the  cotton  belt  led  the  mill  men  more  freely 
than  usual — ^and  that  is  quite  unnecessary — to  grind  the  hulls  into  the 
meal.  Eight  lots  (American  Cotton  Oil  Co.'s  Longhorn  Prime;  Ash- 
croft-Wilkinson  Co.'s  Monarch  and  Paramount;  F.  W.  Brode  Co.'s 
Owl;  S.  P.  Davis'  Good  Luck;  Humphrey-Godwin's  Bull — ^two  sam- 
ples— ^and  Dixie)  carried  respectively  only  96,  97,  94,  97,  94,  95,  96 
and  88  percents  of  their  guaranteed  contents  of  crude  protein.  One 
linseed  meal  (Spencer-Kellogg  &  Sons'  Pure  Old  Process)  contained 
only  95%  of  its  protein  promise.  A  brewers'  grains  (Farmers'  Feed 
Co.'s  Bull)  contained  91%  of  its  promised  protein.  Seven  lots  of 
proprietary  dairy  feeds  (Caledonia  Mills'  Green  Mountain;  Crosby's 
Ready  Ration;  Johnson's  Perfection  No,  1;  Maratime  Trading  Cor- 
poration's Bull — ^two  lots ;  St.  Albans  Grain  Co.'s  IVirthmore  Balanced 
Ration;  Smith's  Smith's)  were  deficient  so  far  as  their  guaranteed 
protein  contents  were  concerned,  carrying  only  95,  97,  95,  93,  96,  95 
and  94  percents  thereof.  Two  calf  meals  (Ralston  Purina  Co.'s 
Purina  Calf  Chow  and  Ryde's  Cream  Quality)  contained  respectively 
93  and  95  percents.  Two  poultry  feeds  (Quaker  Oats'  Co.'s  Early 
Bird;  St.  Albans  Grain  Co.'s  Wirthmore  Intermediate)  carried  respect- 
ively 92  and  92  percents. 

Less  than  3  percent  of  the  brands  inspected  were  more  than  5  per- 
cent deficient  and  only  one  in  294  more  than  10  percent  deficient. 

AGRICULTURAL  SEED  INSPECTION 

The  Station  sampling  agents  visited  fully  40  Vermont  cities, 
towns  and  villages  during  April,  1922,  and  gathered  319  samples  of 
agricultural  seed  offered  for  sale  in  the  open  markets  by  local  dealers 
as  follows: 

Alfalfa   9      Redtop    21  Rape  3 

Barley    12      Timothy    61  Rye  4 

Clover,  alsike 36      Mixtures    5  Soyabeans  1 

Clover,  red  52      Buckwheat    6  Speltz  1 

Com   21  Clover,  sweet  and  Sudan  grass  7 

Millet   87         white    5  Vetch    1 

Oats    28      Orchard  grass   5  Wheat 6 

Peas,  iield  4 

These  samples  were  drawn  in  accordance  with  the  official  direc- 
tions. Purity  tests  were  made  by  the  weight  method  and  the  germina- 
tion tests  were  made  according  to  the  method  employed  by  the  Federal 
Department  of  Agriculture. 
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Trade  name 


Wholesaler 


Purity 
gruaranty 


Gtormlnation 
percent 


Weed  seeds 
per  lb. 


ALFALFA 

Grimm   Conklin    99.86 

Qrlmm   Dickinson   99.7 

Dickinson    99 

Dickinson    99.74 

Honor Stanford    99.52 

Eureka Whitney-Eckstein.  99.7 

Eureka  Whitney-Eckstein.  99.5 

Grimm   Whitney-Eckstein .  99* 

Northern   Whitney-Eckstein .  99.5 

BARLEY 

Oderbrucker   Conklin    98 

Oderbrucker   Conklin    98 

6-Row  No.  115  Dickinson   97.29* 

6-Row   Dickinson    96.42 

No.  1110 Dickinson   97.4 

2-Row   Dickinson    94.68 

White  Mountain Holbrook  99» 

6-Row  Whitney-Eckstein .  98 

Oderbrucker   Whitney-Eckstein.  98 

6-Row   Whitney-Eckstein.  98 

6-Row   Whitney-Eckstein .  98 

6-Row  Whitney-Eckstein.  98 


83.5 

84 

80.5 

88 

79.5 

93 

79.5 

87 

75 


98 

98.5 

99 

98.5 

99.5 

98 

97.5 

97.5 

97.5 

83.5 

89.5 

86.5 


360 

180 

1350 

90 

450 

180 

270 

10170 

450 


30 
45 


45 
50 


45 


ALSIKE  CLOVER 


Barber-Bennett 


C.   M Conklin    

C.   M Conklin    

Imperial    Conklin    

Imperial    Conklin    

Ace  14  X  30  Craver-Dlckinson 

Pine  Tree  14  x  32 Craver-Dlckinson 

Pine   Tree    Craver-Dickinson 

Ace    Dickinson    

Pine  Tree  2164  Dickinson    

Pine  Tree  Dickinson   

Pine  Tree   Dickinson    

Dickinson    

22266  No.  2 Dickinson  

Dickinson  

Dickinson  

Freedom  Doughton  

Freedom  A  1015  Doughton  

White  Mountain  Holbrook  

XXX  Holbrook  

Holbrook  


96 

95* 

95 

97.55 

97.5 

95 

96.4 

96.9^ 

95* 

97.15» 

97.35* 

99.05 

98.1* 

94.5 

97.35 

97.15 

96.6* 

96.6* 

98.5 

94.3 

86.5 


89.5 

90.5 

79.5 

87.2 

92 

90 

90.5 

86 

85 

84 

96 

91 

81.3 

89 

94 

87 

88 

90 

91.5 

90 

92.5 


2925 
5950 
8100 
1350 
2925 
4050 
4500 
5175 
6750 
5850 
2925 

2700 
1800 
1800 
3150 
4960 
6525 
3150 
4500 
14175 


♦Below  guaranty.  Alfalfa.  Whitney-Eckstein  Seed  Company,  Buffalo, 
N.  Y.;  Grimm;  guaranty  99,  found  97.1.  Barley.  Albert  Dickinson  Seed  Co., 
Chicago.  111.;  Six-Row  No.  115;  guaranty  97.29,  found  96.  Holbrook  Grocery 
Co..  Keene.  N.  H.,  etc.;  White  Mountain;  guaranty  99.  found  98.5.  Alsike 
Clover.  E.  W.  Conklin  ft  Son,  Binghamton,  N.  Y. ;  C.  M. ;  guaranty  95,  found 
94.4.  Albert  Dickinson  Seed  Co.,  Chicago,  III.;  Ace;  guaranty  95,  found 
94.2;  Pine  Tree;  guaranty  97.15,  found  95.5;  Pine  Tree  2164;  guaranty  97.35. 

found   96.6;  ;   guaranty  981.  found   97.3.     Doughton   Seed  Co., 

Jersey  City,  N.  J.;  Freedom;  guaranty  96.C,  found  94.5,  95.8. 

fNo  guaranty  reported.  See  statement  on  page  30.  Figure  represents 
actual  analysis. 
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Trail**  r^a^Tji* 


Wholi»5»aI*r 


PTTiry        GermmarfiHi 


Liberty Stanford    

Liberty Stanford    

Liberty Stanford    

Liberty Stanford    

Fnllwerth    Wertheimer    

Wertheimer    

Wbitney-E4*stem. 


Fan-Ameriean    Whitney-Eekstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Zola Whitney-EAstein . 

Supreme    World  Seed 


07.7- 
S4.71 

W-75* 

>7 
»?• 

§7* 
»!• 
»7 


8«3 
S5 


9fl' 


RED  CLdOYER 


Aetna   Conklin    

Crown    Conklin    

Crown    Conklin    

Parai^on   Conklin    

Pine  Tree  CraTer-Dickinson 

Pine  Tree  Crayer-DickinBon 

Ace    Dickinson    

Aoe    Dickinson    

Ace  2354 Dickinson    

Ace  24295   Dickinson   

Mammoth    Dickinson   

Mammoth    Dickinson   

Medium   Dickinson    

Pine  Tree  24268  Dickinson   

Pine  Tree  Mammoth 

2355    Dickinson    

Pine  Tree  Dickinson   

74008 Dickinson    

Medium    Dickinson    

Dickinson   

Extra  Fancy   Holbrook   

Mammoth    Holbrook  

White  Mountain   Holbrook   

White  Mountain   Holbrook   

XX    Holbrook   

XXX  Holbrook  

XXX Holbrook   

XXX Holbrook   

Holbrook   

Milwaukee     

Liberty  Mammoth Stanford    

Liberty  No,  1 Stanford    


91.8* 

99.35 

99.35 

98.25 

99.6f 

99.05 

98.9 

99 

98.08 

98.34 

99.16 

99 

99 

99 

99.16 

99 

99.5* 

98.04 

98.9 

99.5* 

95 

99.5 

99.5 

95 

97.3 

97.3 

97 

90* 

97 

98.28 

98.18 


8S.S 

87 

91 

79.5 

88.5 

94 

87^ 

S5.5 

77 


91 


88.5 

94 


95.1 

8S 

91 

82 

90 

87.5 

91 

90.5 

91.5 

89 

91 

90 

87 

97 

93.5 

95 

95.5 

86.9 

94.5 

95.5 

87.5 

94 

95 

92 

89.5 

91.5 

91 

88.5 


1710») 


>4« 

1125 
1125 


630«> 
2025 
3150 


585<> 


i21 

1620 
1440 
5400 
1440 
540 
3240 


1530 

2700 

990 

990 

630 

1170 

1170 

1080 

1530 

2070 

3060 

630 

6570 

990 

540 

7020 

5490 

2970 

4410 

15975 

900 

360 

4950 


•BKii)w   orAKANTT.    AJsikc    Clover.    Stanford    Seed    Co..    Inc..    Buffalo, 
N.  Y.;  Liberty;  guaranty  94.71.  found  94.     N.  Wertheimer  ft  Sons.  Ligonier. 

Ind.;   Fullwerth;   guaranty  98.75.  found  97.9;  ;  guaranty  98.75, 

found  9G.5.  Whitney-Eckstein  Seed  Co.,  Buffalo.  N.  Y.;  Eureka;  guaranty 
98,  found  97.5;  Pan-American;  guaranty  97,  found  95.6.  96.1.  96.1,  94.6;  Zola; 
guaranty  96.33.  found  95.3.  Red  Clover.  Albert  Dickinson  Seed  Co..  Chi- 
cago, 111.;  74008;  guaranty  99.5,  found  98.8.    Holbrook  Grocery  Co.,  Keene. 

N.  H.,  etc;  Extra  Fancy;  guaranty  99.5,  found  98.9;  ;  guaranty 

90,  found  87.8. 

tNo  guaranty  reported*    See  statements  on  page  30.    Figure  represents 
actual  analysis. 
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Trade  name 


Wholesaler 


Purity 
guaranty 


Germination 
percent 


Weed  seeds 
per  lb. 


Liberty Stanford    

Liberty Stanford    

Liberty Stanford    

3678  A  Stanford    

Medium   Stanford    

Stanford    

Medium    Varlck    

Fullwerth    Werthelmer    

Werthelmer    

Eureka Whltney-EIcksteln. 

Eureka Whitney-Eckstein . 

Eureka Whitney-Eckstein . 

Pan-American    Whitney-Eckstein. 

Pan-American    Whitney-Eckstein. 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whltney-E}ckstein . 

Medium    Whitney-Noyes    . . 

Supreme    World  Seed    

CORN 

Minnesota  King   Bailey    

King  Philip    Bailey    

Gold  Nugget Champlaln    

Pride  of  Nishua Champlaln    

York  State  Champlaln    

Early  Wonder   Conklln    

Early  Wonder   Conklln    

Improved  Leamlng Dickinson    

Leamlng    Dickinson    

Longfellow    Dickinson    

Pride  of  the  North Dickinson    

Gold  Nugget Harris    

Eureka Whitney-Eckstein. 

Gold  Nugget Whitney-Eckstein. 

Gold  Nugget Whitney-Eckstein . 

Gold  Nugget Whitney-Eckstein. 

Leamlng    Whitney-Eckstein. 

Leamlng    Whitney-Eckstein . 

Longfellow    Whitney-Eckstein. 

Pedig;^ree  Pride Whitney-Eckstein . 

Early  Sanford  Flint . . .  Wyman    

MILLET 


Japanese    Breck   . 

Japanese    Breck   . 

German  Choice  Conklln 

Japanese    Conklln 

Japanese  Pure  Quill. .  .Conklln 


98.28 

89 

990 

98.28 

88.5 

810 

98.5 

89 

360 

98.8* 

89.5 

9000 

98.28 

86.5 

810 

95.65 

84 

720 

98 

92 

2610 

99.82* 

96 

810 

99.82 

97.5 

1080 

99.5* 

94.5 

1440 

99.5 

95.5 

270 

99.5 

94.5 

90 

98 

92 

2160 

98 

97 

6390 

98* 

85 

12600 

98 

93 

3780 

98 

96.5 

900 

98 

94.5 

6660 

98 

90 

3780 

99 

82.6 

1170 

90 

98 

17640 

96 

87 

95 

89 

96 

91 

— 

95 

84 

95 

94 

— 

99.5 

93 

99.5 

94 

99.5 

89 

9.9.5t 

89 

99.5 

98 

99.5 

95 

— 

98 

86 

98 

99 

98 

92 

100^ 

90 

— 

98 

96 

98 

91 

98 

86 

— 

98 

97 

98 

92 

99.12^ 

100 

98 

92.5 

1350 

99* 

91 

4140 

99.1 

89.5 

1980 

98.2* 

92.5 

4680 

97.3 

93 

2790 

*Bei/)w  guaranty.  Red  Clover.  Stanford  Seed  Co.,  Inc.,  Buffalo,  N.  Y. 
3678  A;  guaranty  98.8,  found  97.2.  N.  Werthelmer  &  Sons,  LIgonier,  Ind. 
Fullwerth;  guaranty  99.82,  found  99.2.  Whitney-Eckstein  Co.,  Buffalo,  N.  Y. 
Eureka;  guaranty  99.5,  found  98.7;  Pan-American;  guaranty  98,  found  93.9. 
Millet.  Jos.  Breck  &  Son  Corporation,  Boston,  Mass.;  Japanese;  guaranty 
99,  found  98.  E.  W.  Conklln  &  Son,  Blnghamton,  N.  Y.;  Japanese;  guar- 
anty 98.2,  found  96.6. 

tNo  guaranty  reported.     See  statements  on  page  30.    Figure  represents 
actual  analysis. 
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Purity       Germination    Weed  seeds 
Trade  name  Wholesaler  guaranty  percent  per  lb. 


Japanese  Pure  Qui!! . .  .Conklln   97.3 

Japanese    Conklln   97 

Pine  Tree  Graver-Dickinson  .  97.2 

Japanese  33125   Craver-Dicklnson  .  97.2 

Japanese    Crayer-Dlcklnson  .  98.16 

Japanese    Craver-Dlckinson  .  98.5* 

Japanese    Craver-Dicklnson  .  98.5 

Japanese    Craver-Dickinson  .  98.16 

Hungarian  80319 Dickinson    95 

Hungarian    Dickinson   98.54 

Hungarian    Dickinson   98.2 

Japanese    Dickinson   98.7* 

Hungarian  XX   Holbrook 97 

Hungarian    Holbrook  95 

Hungarian    Holbrook  97 

Japanese    Holbrook  97 

Japanese    Holbrook  99 

Hungarian  3603    Stanford    97 

Japanese    Stanford    93 

Japanese  3475 Stanford    95 

Japanese  Full  worth Wertheimer    98.3 

Hungarian  Fancy   Wbitney-Eckstein .  97 

Hungarian    Wbitney-Eckstein .  98 

Hungarian    Wbitney-Eckstein .  99 

Hungarian    Wbitney-Eckstein.  99 

Hungarian    Wbitney-Eckstein.  98 

Japanese  Fancy Wbitney-EiCkstein.  97 

Japanese   Wbitney-Eckstein .  97 

Japanese    Wbitney-Eckstein .  98 

Japanese    Wbitney-Eckstein.  98* 

Japanese    Wbitney-Eckstein.  98* 

Japanese    Wbitney-Noyes    . .  98 

OATS 

Pennant  Bailey    99.5 

Domestic   Burdltt    98.35 

Crosby    99 

Elwood Cleveland    99 

Nortbern  Wonder Conklin    98.1 

Swedisb  Select   Dickinson   98.2 

Swedisb  Dickinson   99.5* 

Swedisb  Select   Dickinson   98.2 

Swedisb  Select   Dickinson   98.56 

Monadnock   Holbrook  98 

Wbite  Mountain   Holbrook  99 

Wbite  Mountain   Holbrook  99 

Holbrook  99 

Ide    98* 

Liberty Kasco   98.5 

r- Park  &  Pollard. . .  97.5f  92.5  240  i 


Webster  Tupper..      98.3f 


95.6 

3610 

94.5 

3330 

91.6 

3420 

88.5 

3690 

93 

2700 

89.6 

2880 

94 

3150 

92 

2070 

86 

1620 

85.5 

2610 

77 

540 

96 

1620 

94 

900 

82 

7110 

90 

1260 

89 

2790 

96.5 

90 

82.5 

3690 

80 

6930 

70t 

8660 

94 

3330 

94 

1G20 

95 

1620 

92 

1710 

89 

2430 

93.6 

540 

91.5 

2340 

88 

2160 

95.6 

1080 

85 

5490 

93 

7560 

79 

1260 

87 

15 

97 

— . 

97.6 

30 

99 

86.6 

60 

94 

— 

99.6 

— 

94 

— 

82 

-— ■ 

99.6 

30 

92.6 

15 

94 

— 

98 

— . 

93 

-^ 

98 

— 

92.5 

240 

95.6 

45 

*Below  guakanty.  Millet,  Craver-Dickinson  Co.,  Buffalo,  N.  Y;  Japa- 
nese; guaranty  98.5,  found  97.4.  Albert  Dickinson  Co.,  Cbicago,  111.;  Japa- 
nese; guaranty  98.7,  found  98.2.  Wbitney-Eckstein  Co.,  Buifalo,  N.  Y.; 
Japanese;  guaranty  98,  found  97.1,  95.7.  Oats.  Albert  Dickinson  Co.,  Cbi- 
cago, 111.;  Swedisb;  guaranty  99.5,  found  96.3.  E.  T.  &  H.  K.  Ide,  St.  Jobns- 
bury,  Vt.;  ;  guaranty  98,  found  96.4. 

tNo  guaranty  reported.  See  statement  on  page  30.  Figure  represents 
actual  analysis. 

tl921  seed;  so  indicated  on  label. 
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Trade  name 


Wholesaler 


Purity 
guaranty 


Germination 
percent 


Weed  seeds 
per  lb. 


Imperial 


Ace    

Ace  5870 
Ace    .... 


Excelsior  Whitney-Eckstein 

Swedish  Select   Whitney-Eckstein 

Whltney-Eckfltein 

Fancy  Whitney-Eckstein 

No.  2  White   McEwen 

Perfection   . . . 

RED  TOP 

Barber  &  Bennett. 

Conklln    

Craver-Dickinson  . 

Dickinson   

Dickinson   

Dickinson    

Dickinson    

Emerson    

Holbrook  

Milwaukee    

Nungessor-Dick.  . . 

Nungessor-Dick.  . . 

Nungessor-Dick.  . . 

Stanford    

Varick    

Whitney-Eckstein. 

Whitney-Eckstein. 

Whitney-Eckstein. 

Whitney-Eckstein. 

Whitney-Eckstein. 

Whitney-Eckstein. 


87806    

87615  

Ace  87891    ... 

Fancy  

Ace  Fancy  . . . 

Eureka 

Pan-American 
Pan-American 

Sagus   

Pan-American 
Pan-American 


TIMOTHY 


Arrow Conklln    . 

Arrow Conklln    . 

Bingo    Conklin    . 

Bingo   Conklln    . 

King   Conklin    . 

King  Conklin    . 

King   Conklin    . 

King  Conklin    . 

King  Conklin    . 

King  Conklin    . 

Spear    Conklin    . 

Comet Dickinson 

B.  H.  Globe Dickinson 

Globe  661215 Dickinson 

Pine  Tree  Dickinson 

Pine  Tree  661288   Dickinson 

Pine  Tree  66435   Dickinson 

Pine  Tree  Dickinson 

Pine  Tree  Dickinson 

Pine  Tree  Dickinson 

Pine  Tree  Dickinson 

Pine  Tree  66025  Dickinson 


98 

98 

99.7^ 

98.5* 

99.5f 

92.4 

93.3 

91 

90.9 

90* 

90 

90 

96.54t 

80* 

92* 

90 

90* 

89.6 

81.77* 

90 

92 

90 
91.1 
90 
90 


99.2 

99.2 

99.9 

99.9 

99.6 

99.7^ 

99.6 

99.6 

99.6 

99.6 

97 

98.35 

99.65 

99.8 

99.65 

99.6 

99.6 

99.6 

99.6 

99.6 

99.6 

99.6 


79 
83 
84 
90 
99 
91.5 

86.5 

85.7 

81 

90 

91.5 

90 

90 

76.6 

86 

83 

90 

86.5 

87.5 

89 

94.5 

85.5 

91 

88 

89.5 

89 

88.5 


96.5 

98 

89 

96.5 

96 

92 

93.5 

95.5 

89 

92.5 

91.7 

89 

98 

95 

95 

91.5 

96.5 

97 

95 

88.2 

95 

94.5 


30 
15 

90 


29250 
24300 
38700 
32400 
34200 
20700 
193501: 
900 
139050 
241200 
15750 
14850 
15300 
120150 
20700 
13950 
53100 
25650 
30150 
28350 
35650 


1125 
226 
225 

1675 
460 

460 
675 

1125 

10125 

2025 

900 

460 
675 
450 


450 


♦Below  guaranty.  Oats.  Whitney-Eckstein  Seed  Co.,  Buffalo,  N.  Y.; 
Fancy;  guaranty  98.6,  found  96.6.  Red  Top.  Albert  Dickinson  Seed  Co., 
Chicago,   111.;    Ace   6870;    guaranty   90,   found   89.    Holbrook    Grocery   Co., 

Keene,  N.  H.,  etc.;  ;   guaranty  80,  found  79.    Milwaukee  Seed 

Co.,   Milwaukee,   Wis.;    ;    guaranty   92,   found    74.    Nungesser- 

Dickinson  Seed  Co.,  New  York,  N.  Y.;  87615;  guaranty  90,  found  88.    Stan- 
ford Seed  Co.,  Inc.,  Buffalo,  N.  Y.;  Fancy;  guaranty  81.77,  found  81. 

tNo  guaranty  reported.  See  statement  on  page  30.  Figure  represents 
actual  analysis. 

^Approximately  50  ergot  per  gram. 
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Trade  name 


Wholesaler 


Purity 
STuaranty 


Oermlnatlon 
percent 


Weed  seeds 
per  lb. 


Pine  Tree  66599   Dickinson   

Pine  Tree  66477   Dickinson    

66437 Dickinson   

Dickinson    

Dickinson  • 

Pine  Tree   Holbrook   

White   Mountain    Holbrook  

XX    Holbrook  

XX    Holbrook  

XXX  Holbrook   

Holbrook  

Crop  Insurance  Milwaukee    

Liberty Stanford    

Liberty Stanford    

Liberty Stanford    

Stanford    

Stanford    

Pine  Tree  Thomp'n  &  Hoague 

Varick    

Fullwerth    Wertheimer    

Wertheimer    

Gold  Medal   Whitney-Eckstein. 

Gold  Medal  30202 Whitney-Eckstein. 

Gold  Medal  Whitney-Eckstein. 

Gold  Medal  Whitney-Eckstein. 

Whitney-Eckstein . 

Pan-American    Whitney-Eckstein. 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-EJcksteln . 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein. 

Pan-American    Whitney-Eckstein. 

Pan-American    Whitney-Eckstein. 

Pan-American    Whitney-Eckstein . 

Pan-American    Whitney-Eckstein. 

Bond  Whltney-Noyes    . . 

Whltney-Noyes    . . 

Supreme    World  Seed 


Conklin 


66808 Dickinson    

Dickinson    

Craver-Dlcklnson 


99.6 

88 

99.6 

95.5 

900 

99.6 

95.5 

— 

99.7t 

96 

225 

99.5 

93 

99.65^ 

88.5 

450 

99.8 

95 

225 

98 

85.5 

6975 

98 

90 

2250 

99 

93.5 

450 

98 

92.5 

2700 

99.5 

96.5 

1575 

99.55 

95.5 

225 

99.5 

98 

99.5 

96 

225 

99.5 

97.5 

225 

98 

92.5 

2700 

99.6 

95.5 

225 

99 

93.5 

900 

99.8 

97.5 

5850 

99.8 

96 

450 

99.7 

91 

— 

99.75 

66 

900 

99.7 

93 

675 

99.7 

95.5 

450 

99.75 

56.5 

— 

99.5 

54 

225 

99.5 

92 

675 

99.5 

93 

225 

99.5 

97 

225 

99.5 

93.5 

— 

99.5 

91 

450 

99.5 

97 

675 

99.5 

94.5 

225 

99.5 

91.5 

225 

99.55 

96 

— 

99.5 

95 

460 

98 

95.2 

1250 

99.6 

90.5 

225 

.ND  ALSIKE 

85.25 

75 

14850 

78.2T* 

81.5 

9675 

15.4A 

76.7T 

83.5 

11925 

15.1A 

72.6T* 

78.5 

17A 

15975 

MIXTURE— RED  AND  ALSIKE  CLOVERS 
Craver-Dickinson  .       99.25  91.5 


MIXTURES— TIMOTHY  AND  ALSIKE 


1G20 


•Below  guabantt.  Albert  Dickinson  Seed  Co.,  Chicago.  III.;  66808; 
guaranty  78.2  and  15.4,  found  83.9  and  11.5.  Craver-Dickinson  Co.,  BufCalo, 
N.  Y.;  ;  guaranty  72.6  and  17,  found  67  and  21. 

tNo  guaranty  reported.  See  statement  on  page  30.  Figure  represents 
actual  analysis. 
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Trade  name 


Wholesaler 


Purity 
guaranty 


Germination    Weed  seeds 
percent  per  lb. 


MISCELLANEOUS 


Buckwheat,    Japanese.. Conklln   

Buckwheat,    Japanese.. Conklln    

Buckwheat,    Japanese.  .Conklln    

Buckwheat  (local) Myers   

Buckwheat,    Japanese . .  Whitney-Eckstein . 
Buckwheat,    Japanese . .  Whitney-Eckstein . 

Clover  (Sweet)   Dickinson   

Clover    ( Sweet)    2555 . .  Stanford    

Clover  (White)  Henry. Stanford    

Clover    (White)    2648.  .Stanford    

Clover  (White)  ...Stanford    

Orchard  Grass  P.  I Dickinson   

Orchard  Grass  5221 Dickinson   

Orchard  Grass  Dickinson   

Orchard  Grass  87589. .  .Nungessor-Dlck... . 

Orchard  Grass Whitney-Eckstein. 

Peas    (Canada  Field) .  .Conklln    

Peas   (Canada  Field).. Conklln   

Peas   ( Canada  Field ) . .  Whitney-Eckstein . 

.Whitney-Eckstein. 

Rape  Holbrook  

Rape  Whitney-Eckstein . 

Rape  Whitney-Eckstein. 

Rye  (Spring)  Ide    

Rye  (Spring)  Whitney-Eckstein. 

Rye   (Winter)    Whitney-Eckstein. 

Rye  (Spring)  Whitney-Eckstein. 

Soya  Beans   (Yellow) .  .Whitney-Eckstein. 

Speltz  Whitney-Eckstein . 

Sudan   Grass    Dickinson    

Sudan   Grass    Whitney-Eckstein . 

Sudan   Grass    Whitney-Eckstein. 

Sudan   Grass    Whitney-Eckstein. 

Sudan   Grass    Whitney-Eckstein. 

Sudan   Grass    Whitney-Eckstein. 

Sudan  Grass    Whitney-Eckstein. 

Vetch    Whitney-Eckstein . 

Wheat    (Spring) 

Marquis   Dickinson    

Wheat  (Spring)    Whitney-Eckstein. 

Wheat  (Spring)    Whitney-Eckstein. 

Wheat  (Spring)    Whitney-Eckstein. 

Wheat   (Spring) 

Marquis   Whitney-Eckstein. 


99 

98 

45 

99 

97.5 

— 

99 

98 

— 

984^ 

96.5 

15 

98 

96 

— 

98 

92.5 

— 

98.38 

81.5 

3420 

97.97 

'  72.5 

360 

97.85 

83 

8325 

95 

85 

12825 

96.1* 

91 

8100 

80.9 

54 

19800 

69.2» 

59.5 

2025 

85 

69.5 

1800 

87.45 

42 

2475 

83.9 

58.5 

2025 

99* 

95 

99 

95.5 

— 

98 

89 

98 

82 

99.82 

98.5 

98 

100 

98 

100 

— 

96.42 

90 

45 

98* 

98 

30 

98* 

68 

15 

98* 

90 

960 

98 

t 

18 

98 

69.5 

98.01* 

87 

97 

67 

540 

98 

77 

720 

97 

69 

450 

98 

77.5 

97 

69 

450 

97 

68 

630 

98 

37 

98.74 

97.5 

75 

98 

94 

98 

95.5 

30 

98 

97.5 

45 

98 


96.5 


♦Below    guabanty.    White    Clover,     Stanford    Seed    Co.,    Inc.,    Buffalo, 

N.    Y.;    ;    guaranty    96.1,    found   95.5.     Orchard   Grass.    Albert 

Dickinson  Seed  Co.,  Chicago,  111.;  guaranty  69.2,  found  48.    Whitney-Eckstein 

Company,   Buffalo,    N.   Y.;    ;    guaranty    90,    found    83.9.    Peas. 

E.  W.  Conklln  &  Son,  Blnghamton.  N.  Y.;  guaranty  99,  found  97.  Ri/e. 
Whitney-Eckstein  Co.,  Buffalo,  N.  Y.;  guaranty  98,  found  92.5,  96.4.  93.8. 
Sudan  Grass.  Albert  Dickinson  Seed  Co..  Chicago,  111.;  guaranty  98.01,  found 
97.4. 

tNo  guaranty  reported.  See  statement  on  page  30.  Figure  represents 
actual  analysis. 

JNot  tested. 
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Discussion  of  the  Results  of  Inspection 

The  violations  of  the  law  consist  of : 

(1)  Failure  to  declare  guaranties.  This  amounts  to  practical 
nullication,  in  so  far  as  information  touching  guaranteed  purity  sup- 
plied to  the  purchaser  of  the  usual  amounts  from  broken  packages  is 
concerned.  The  writer  has  no  means  of  knowing  with  certainty  but 
has  every  reason  to  believe  that  local  merchants  quite  commonly  fail 
to  affix  "a  plainly  written  or  printed  statement,"  "conspicuously"  to 
"every  lot  or  parcel  of  agricultural  seed  of  five  pounds  or  over  sold  for 
seeding  purposes"  "clearly  and  truly  certifying  the  namer  thereof  and 
its  minimum  percentage  of  purity,"  etc. 

Nearly  five  percent  of  the  lots  sampled  by  the  station  agents  bore 
no  visible  statement  as  to  the  purity  of  their  contents.  Almost  invar- 
iably this  information  is  furnished  by  the  wholesaler,  but  the  retailer 
often  pays  no  attention  to  and  destroys  it. 

(2)  Failure  to  maintain  guaranties.  Seventeen  percent  of  the 
goods  which  were  guaranteed  were  found  to  be  deficient — one  in  six — 
and  three  percent  were  seriously  deficient.  Especial  attention  is  called 
to  the  cases  noted  below.  It  is  not  surprising  that  there  are  several 
lapses  in  view  of  the  extremely  tenuous  protection  afforded  by  the 
Vermont  law,  which  is  about  as  toothless  as  it  well  can  be. 

Craver-Dickinson  Seed  Co.,  Inc.,  Buffalo,  N.  Y.  Timothy  and 
Alsike;  guaranty  72.6  and  17,  found  67  and  21.  The  trouble  here  is 
one  of  distribution,  the  timothy  overrunning  and  the  alsike  under- 
running  the  guaranty.  It  is  possible  that  mechanical  separation  oc- 
curred in  the  sack  and  that  it  really  contained  the  proportions  indicated. 

Albert  Dickinson  Seed  Co.,  Chicago,  III.  Alsike  Clover;  Pine 
Tree  2164;  guaranty  97.15,  found  95.5.  This  sample  contained  5,850 
weed  seeds  per  pound,  mostly  yellow  trefoil  and  catchfly,  in  addition  to 
many  timothy  and  white  clover  seed.  It  contained  3.5  percent  foreign 
seed. 

Albert  Dickinson  Seed  Co.,  Chicago,  III.  Oats;  Swedish;  guar- 
anty 99.5,  found  96.3.  This  sample  contained  3.4  percent  foreign 
seed,  mostly  barley  with  some  wheat. 

Albert  Dickinson  Seed  Co.,  Chicago,  III.  Orchard  Grass;  5221 ; 
guaranty  69.2,  found  48.  This  sample  contained  no  less  than  51  per- 
cent inert  matter. 

Albert  Dickinson  Seed  Co.,  Inc.,  Chicago,  III.  Tifnothy  and  Al- 
sike; guaranty  78.2  and  15.4,  found  83.9  and  11.5.  The  trouble  here 
is  one  of  distribution. 
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Milwaukee  Seed  Co,,  Milwaukee,  Wis.  Red  Top;  guaranty  92, 
found  74.  This  sample  carried  241,200  weed  seeds  per  pound,  ap- 
proximately %  of  them  being  five-finger,  %  black-seeded  plantain  and 
%  sedges  and  yarrow.  It  also  contained  a  heavy  percentage  of 
timothy.  The  sample  showed  74  percent  pure  seed,  9  percent  foreign 
seed,  17  percent  inert  matter. 

Whitney 'Eckstein  Company,  Buffalo,  N.  Y.  Red  Clover;  Pan- 
American;  guaranty  98,  found  93.9.  This  sample  carried  12,600  weed 
seed  per  pound,  approximately  %  of  them  buckthorn  and  %  green 
foxtail.  It  also  contained  much  timothy  and  alsike.  More  than  %o 
of  the  entire  weight  consisted  of  seed  other  than  red  clover. 

Whitney-Eckstein  Company,  Buffalo,  N.  Y.  Orchard  Grass; 
guaranty  90,  found  83.9.     One-seventh  of  this  sample  was  inert  matter. 

Whitney-Eckstein  Company,  Buffalo,  N.  Y,  Spring  Rye;  guar- 
anty 98,  found  92.5  and  93.8.  The  first  sample  carried  more  than  5 
percent  foreign  seed,  buckwheat  and  wheat,  and  the  second  a  similar 
amount,  mostly  wheat  and,  in  addition,  a  fair  sprinkling  of  weed  seed, 
all  of  it  field  bindweed. 


Concerning  Viability 

The  Vermont  law  does  not  require  the  seller  to  state  the  viability 
of  his  goods — as  is  done  in  New  Hampshire,  New  Jersey  and  several 
other  states.  However,  the  Vermont  Station  has  always  reported  upon 
this  important  matter.  A  considerable  number  of  lots  bore  a  guaranty 
statement  as  to  viability.  It  is  interesting  to  compare  promise  and 
performance,  as  follows : 

Total  Guaranty  Ouaranty 

number  Guaranteed  met  not  met 

Alfalfa    9  8  2  6 

Barley    12  10  7  3 

Clover,  alsike 36  24  12  12 

Clover,  red  52  40  22  18 

Corn    21  11  8  3 

MUlet    37  32  16  16 

Oats    23  10  4  6 

Red  Top 21  15  7  8 

Timothy    61  37  32  5 

Mixtures    5  4  1  3 

Miscellaneous 42  27  15  12 

319  218  126  92 


3i 
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Dealers  are  rapidly  coming  to  guarantee  their  goods.  This  is  due 
to  the  fact  that  such  a  guaranty  is  required  in  several  states.  Last 
year  only  one  in  three  lots  were  guaranteed  as  to  their  viability,  whereas 
this  year  two  in  three  are  thus  labeled.  Last  year  %  of  the  guaranties 
were  made  good  in  fact  and  %  were  not ;  and  the  proportions  this  year 
are  the  same. 

How  is  it  as  between  the  different  seed  houses  ?  Eighty-five  per- 
cent of  the  samples  represent  the  product  of  six  concerns  and  50 
percent  that  of  two  houses.  Four  of  these  six  sellers  guaranteed  the 
viability  of  practically  all  the  goods  bearing  their  names.  The  guar- 
anties were  maintained  in  two  cases  out  of  three  with  three  of  these 
companies  and  in  one  in  two  with  one  of  them.  One  concern,  selling 
very  widely  throughout  Vermont,  guaranteed  %  of  the  lots  which 
were  offered  and  %  of  these  guaranties  were  not  maintained.  An- 
other house,  likewise  a  very  large  seller,  guaranteed  only  one  lot  in 
five  and  the  guaranties  of  one-half  of  these  few  were  not  made  good. 

COMPARISON  OP  VIABILITY  WITH  STANDARDS 


Seed 

Alfalfa    

Barley  

Alsike  clover 
Red  clover  . . 

Corn    

Millet    

Oats  

Red  top 

Timothy   

Buckwheat     . 

Peas     

Rape    

Rye    


Standard 

of 
viability 


Samples 


Up  to  or 

above 
minimum 
standard 


Below 
minimmn 
standard 


85-90 

9 

3 

6 

90-95 

12 

8 

4 

75-80 

36 

36 

0 

85-90 

52 

49 

3 

90-95 

21 

15 

•   6 

85-90 

37 

32 

5 

90-95 

23 

19 

4 

75-80 

21 

21 

0 

85-90 

61 

58 

3 

90-95 

5 

5 

0 

93-98 

4 

2 

2 

90-95 

3 

3 

0 

90-95 

4 

3 

1 

288 


254 


34 


This  outcome,  on  the  whole,  is  a  reasonably  satisfactory  one,  % 
of  the  lots  being  of  standard  quality  in  respect  to  viability.  Apart 
from  the  matter  of  guaranty  maintenance,  it  may  be  said  that  viabili- 
ties on  the  whole  were  quite  good,  as  judged  by  the  samples  drawn  in 
1922.  Buyers  should  note,  however,  that  the  alfalfa  as  a  whole  was 
not  of  a  standard  quality  and  should  observe  the  particularly  low  figures 
pertaining  to  orchard  grass. 
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BULLETIN  229:    THE  PROTEIN  AND  THE  MAINTENANCE 

REQUIREMENTS  OF  DAIRY  CATTLE 

(Popular  edition  of  Bulletins  225  and  226) 

By  J.  L.  Hills 

INTRODUCTION 

The  dairy  cow  uses  protein  in  part  to  maintain  her  bodily  status. 
She  uses  it  in  part  but  not  largely  to  construct  the  foetus.  She  uses  it 
in  part  in  milk  making.  Perhaps  she  uses  it  to  some  extent  as  a 
stimulus  to  milk  making.  In  other  words,  from  the  protein  in  her 
food  she  builds  nitrogenous  tissue — the  muscles,  tendons,  cartilagineous 
materials,  etc. — or  replaces  the  wastage  necessarily  incident  to  the  usage 
of  such  tissue ;  she  constructs  foetal  structure ;  she  places  casein  and  al- 
bumin in  the  milk;  and,  perhaps,  as  a  result  of  an  over-plentiful  supply, 
may  make  more  milk.  Now  protein  costs  money  and  its  over-usage 
is  to  be  decried.  Enough  is  said  to  be  as  good  as  a  feast.  What  is 
enough  protein?  How  much  can  a  cow  use  to  advantage?  How  little 
can  she  get  along  with  ?  What  are  the  economic  metes  and  bounds  in 
protein  usage  in  dairy  feeding? 

How  much  food  does  a  cow  need  to  keep  herself  alive,  how 
much  digestible  protein  and  digestible  carbohydrates  and  fat  are  used, 
how  many  calories  of  energy  are  thus  employed?  How  much  is 
needed  by  a  dry  farrow  cow,  by  a  pregnant  cow  in  milk  ?  How  much 
food  is  used  in  milk  making,  in  the  construction  of  the  foetus,  in  the 
maintenance  of  the  animal  body  ? 

These  pertinent  questions  were  asked  in  1906  by  the  writer  and 
his  former  associate,  the  station  animal  and  dairy  husbandman,  Prof. 
Chas.  L.  Beach,  for  the  past  14  years  President  of  the  Connecticut 
Agricultural  College.  There  had  been  considerable  experimentation 
dealing  with  these  matters  which  sought  to  answer  these  questions,  but 
they  were  not  settled.  They  were  vital  questions.  It  seemed  worth 
while  still  further  to  study  them.  Hence  trials  were  started  which 
ran  for  twelve  and  one-half  years.  Since  1906  much  fundamental 
work  has  been  done  in  this  and  other  countries  along  these  lines  and 
several  contributions  to  the  study  of  protein  and  maintenance  needs 
have  been  made.  None  of  these  trials  have  lasted  as  long  or  in  some 
respects  have  been  as  comprehensive  as  the  Vermont  trials.  The  work 
done  here  has  not  settled  matters  for  all  time.  Further  work  is  now 
under  way  at  this  Station  and  the  problems  are  being  intensively  studied 
elsewhere.  It  is  felt,  however,  that  appreciable  advance  has  been  made 
in  our  knowledge  as  to  protein  usage  and  maintenance  needs  as  a  result 
of  the  twelve  and  one-half  years'  work. 
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The  Twelve  Questions  as  to  Protein  Usage 

It  was  hoped  that  the  so-called  protein  trials  would  throw  light  on 
12  points,  namely : 

1.  The  effect  wrought  upon  the  milk  flow  by  the  long  continued 
use  of  rations  carrying  either  very  low,  or  relatively  low,  or  medium, 
or  high  digestible  protein  contents. 

2.  The  physical  condition,  the  health,  the  continued  well-being 
of  cows  fed  on  a  uniform  diet  for  a  long  series  of  years,  e.  g.,  a  rela- 
tively low  digestible  protein  ration  or  a  relatively  high  digestible  pro- 
tein ration. 

3.  The  relation  which  rations  carrying  very  low,  or  low,  or 
medium,  or  high  digestible  protein  contents  might  bear  to  changes  in 
the  body  weights  of  milking  cows. 

4.  The  immediate  effects  upon  the  milk  flow  of  rations  carrying 
either  very  low,  low,  medium  or  high  digestible  protein  contents,  as 
determined  by  means  of  trials  of  short  duration. 

5.  The  results  obtained  in  feeding  trials  conducted  for  many 
months  or  years  as  compared  with  those  secured  in  trials  of  shorter 
duration. 

6.  The  relation  between  the  digestible  nutrients  in  the  food  and 
those  accounted  for  in  maintenance  and  milk  flow,  when  rations  were 
fed  differing  widely  in  their  digestible  protein  contents. 

7.  The  validity  of  existing  feeding  standards. 

8.  The  effect  upon  the  quality  of  the  milk  flow  secured  when 
rations  were  fed  which  contained  widely  divergent  digestible  protein 
contents. 

9.  The  economics  of  milk  and  butter  production  when  rations 
were  fed  which  were  decidedly  unlike  in  their  digestible  protein  con- 
tents. 

10.  The  normal  shrinkage  in  bovine  milk  flow. 

11.  The  extent  of  the  direct  injury  to  the  milk  flow  caused  by 
abortion. 

12.  The  effect  upon  the  milk  flow  of  abrupt  changes  in  rationing. 

The  Questions  as  to  Maintenance  Usage 

It  was  hoped  that  the  so-called  maintenance  trials  would  furnish 
information  as  to  the  nutrient  usage  by : 

(1)  Dry  farrow  cows. 

(2)  Dry  pregnant  cows. 

(3)  Non-pregnant  milking  cows. 

(4)  Pregnant  milking  cows. 
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Conduct  of  the  Trials 

The  trials  lasted  twelve  and  one-half  years;  119  individual  cows 
were  used;  and  the  equivalent  of  nearly  550  years  of. cow  life  were 
employed,  that  is  to  say,  the  equivalent  of  550  cows  fed  one  year  or 
one  cow — she  would  have  been  a  veritable  bovine  Methuselah — fed 
550  years. 

Four  rations  were  fed,  which  were  meant  respectively  to  carry 
per  1,000  pounds  of  live  weight,  approximately,  1  pound,  1.5  potmds, 
2  pounds  and  2.5  pounds  of  digestible  protein.  They  were  known  as 
the  very  low,  low,  medium  and  high  protein  rations.  The  four  rations 
were  meant  to  carry — and  as  a  matter  of  fact  did  carry — ^approximately 
equivalent  amounts  of  total  digestible  nutrients. 

Some  of  the  cows  were  fed  the  same  ration,  e.  g.,  the  low  protein 
ration,  continuously  day  in  and  day  out,  summer  and  winter,  for  as 
many  years,  whether  one  or  ten,  as  they  remained  in  the  trials.  Others 
were  fed  during  one  lactation  on  one  ration,  e.  g.,  the  low  protein 
ration  and  during  the  next  on  some  other,  e.  g.,  the  high  protein  ra- 
tion, to  return  during  the  next  lactation  to  the  one  first  fed.  Other 
cows  were  thus  alternated  from  one  to  the  other  ration  every  five 
weeks.  Still  other  cows  in  the  maintenance  group  were  so  handled  as 
to  be  held  dry  for  great  lengths  of  time  and  under  divers  circum- 
stances. Hay,  silage  and  definite  grain  rations  (wheat  bran,  ground 
oats,  com  and  cob  meal,  hominy  feed,  gluten  feed,  cottonseed  and 
linseed  meals)  were  fed.  Constant  analytical  check  was  kept  upon  the 
nutrient  usage  and  milk  and  milk  constituent  yields  of  each  cow.  More 
than  300,000  milk  weights  were  made;  more  than  1,000,000  weights  of 
fodders  and  feeds;  many  tens  of  thousands  of  milk  samples  taken; 
many  thousands  were  analyzed ;  many  thousands  of  fodders  and  feeds 
were  analyzed.  The  computational  work  was  stupendous.  The  mere 
paper  and  ink  of  the  records  and  computations  when  the  trials  were 
about  two-thirds  through,  weighed  301  pounds. 

The  Conclusions 

Now  what  answers  were  secured  to  the  questions  which  the  writer 
and  his  former  associate  put  to  themselves  16  years  ago  this  fall? 
What  conclusions  may  be  safely  drawn  from  the  study  of  the  results 
of  these  long  continued  trials?  The  work  was  not  conclusive  in  all 
respects,  it  vras  not  without  error  or  lapse  in  several  respects  in  its 
conduct,  yet  the  volume  of  the  work,  the  large  number  of  animals 
employed,  the  careful  control  kept  from  the  very  outset  and  the  ex- 
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treme  length  of  the  trials,  are  factors  which  ought  to  have  weight  and 
doubtless  contribute  to  the  essential  accuracy  of  the  outcome. 

CONCLUSIONS  AS  TO  PROTEIN   REQUIREMENTS 

The  summation  of  the  results  in  respect  to  the  protein  trials  appear 
on  pages  143-146  of  bulletin  225  and  are  restated  below : 

1.  What  effect  was  wrought  upon  the  milk  flow  by  the  long  con- 
tinued use  of  rations  carrying  either  very  low,  or  relatively  low,  or 
medium,  or  high  digestible  protein  contents? 

The  results  which  were  secured  in  the  long  term  trials  seem  to 
justify  the  statement  that  for  some  years  at  least  a  ration  carrying  a 
pound  of  digestible  protein  a  day  per  1,000  pounds  live  weight  may 
serve  the  purposes  of  a  not  over  heavy  milking  cow,  enabling  her  to 
yield  a  reasonable,  though  obviously  not  a  large,  amount  of  milk.  With 
a  full  assurance  of  certainty  this  can  be  said  of  the  use  of  a  ration 
carrying  1.5  pounds  of  digestible  protein  per  day  per  1,000  pounds  live 
weight.  A  ration  carrying  2  pounds  of  digestible  protein  a  day  per 
1,000  pounds  of  live  weight  may  enable  a  cow  to  yield  a  very  little 
more  milk  than  the  two  rations  above  indicated.  It  is  quite  unneces- 
sary for  milk  making  purposes  to  increase  the  digestible  protein  content 
of  the  ration  to  2.5  pounds  per  day  per  1,000  pounds  of  live  weight. 

2.  What  effect  was  wrought  upon  the  physical  condition  and 
health  of  the  cows  which  were  fed  on  a  uniform  diet  for  a  long  series 
of  years?  Was  either  a  relatively  lozv  digestible  protein  content  on 
the  one  hand  or  a  relatively  high  digestible  protein  content  on  the  other 
inimical  to  their  continued  well-being? 

The  cows  which  were  continuously  fed  for  upwards  of  4%  years 
on  the  very  low  digestible  protein  ration,  the  intake  being  barely  a  pound 
daily  per  1,000  pounds  live  weight,  were  not  injured  in  respect  to  their 
physical  condition,  in  so  far  as  the  same  could  be  determined  by  care- 
ful survey.  This  general  statement  holds  for  each  of  the  10  cows  thus 
continuously  fed.  Neither  is  there  definite  information  in  hand  to 
warrant  the  assertion  that  the  continued  feeding  of  the  high  protein 
ration,  2.5  pounds  digestible  protein  a  day  per  1,000  pounds  live  weight, 
was  in  any  respect  injurious.  Yet  it  is  interesting  to  note,  though 
probably  in  nowise  significant,  that,  speaking  broadly,  the  cows  to 
which  this  high  proteinous  ration  was  fed  tended  to  drop  out  of  the 
trials  earlier,  to  last  a  shorter  time  than  those  fed  the  medium  protein 
(2  pounds)  or  low  protein  (1.5  pounds)  rations.  The  writer  lays  no 
stress  upon  this  fact — but  it  is  a  fact. 
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3.  What  relation  did  rations  carrying  very  low,  or  low,  or 
medium,  or  high  digestible  protein  contents  bear  to  changes  in  the  body 
weights  of  milking  cowsf 

The  cows  which  were  continuously  fed  for  upward  of  4%  years 
on  the  very  low  digestible  protein  ration,  tended  to  lose  live  weight, 
averaging  an  8  percent  loss,  maintaining  their  milk  yields  at  the  expense 
of  body  weight,  their  losses,  however,  being  not  sufficient  to  induce  ema- 
ciation or  unthriftiness.  The  cows  which  were  fed  the  low  and  the 
medium  digestible  protein  rations  tended  to  gain  in  body  weight  until 
approximately  10  years  of  age.  The  cows  which  were  fed  the  high 
protein  ration  put  on  relatively  little  live  weight  and  tended  as  a  whole 
slightly  to  lose  in  weight  after  the  seventh  year. 

4.  What  were  the  immediate  effects  upon  the  milk  flow  of  rations 
carrying  either  very  low,  low,  medium  or  high  digestible  protein  con- 
tents, as  determined  by  means  of  trials  of  short  duration? 

The  results  which  were  secured  in  the  short  alternation  trials  seem 
to  justify  the  statement  that  the  high  protein  ration  averaged  to  make 
3.5  percent  more  product  than  the  low  protein,  and  2  percent  more 
than  the  medium  protein  ration,  and  that  the  latter  made  2.5  percent 
more  than  the  low  protein  ration. 

5.  Were  the  results  obtained  in  feeding  trials  conducted  for  many 
months  or  years  comparable  with  those  secured  in  trials  of  shorter 
duration? 

On  the  whole  the  results  secured  in  short  alternation  trials  may 
be  expected  to  be  reasonably  parallel  to  those  afforded  by  long-time 
experiments,  provided  the  former  are  carefully  planned,  well  executed 
and  the  number  of  animals  used  is  ample. 

6.  What  was  the  relation  between  the  digestible  nutrients  in  the 
food  and  those  accounted  for  in  maintenance  and  milk  flow,  when 
rations  were  fed  differing  widely  in  their  digestible  protein  contents? 

The  digestible  protein  utilization  in  milk  making  varies  profoundly 
with  ration  changes  in  respect  to  this  nutrient.  Carbohydrate  utiliza- 
tion similarly  varies  but  inversely  to  and  less  profoundly  than  protein. 
In  several  instances,  using  the  old  time  0.7  pound  digestible  protein 
maintenance  allowance,  recovery  exceeded  100  percent.  Protein  re- 
covery was  essentially  identical  for  thin  milking  and  for  rich  milking 
cows. 

7.  What  may  be  said,  in  the  light  of  the  results  in  these  trials' 
secured,  touching  existing  feeding  standards? 
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Existing  feeding  standards  are  plentiful  in  number  and  some  of 
them  are  reasonably  satisfactory.  The  outcome  of  these  trials  tends 
to  substantiate  those  standards  which  suggest  somewhat  lower  diges- 
tible protein  needs  than  were  set  forth  a  generation  ago;  and  the  vast 
amount  of  data  in  bulletin  226 — dealing  with  'The  Maintenance  of 
Dairy  Cattle"  likewise  tends  to  uphold  this  statement. 

8.  Was  the  qucUity  of  the  milk  flow  altered  when  rations  were  fed 
which  contained  widely  divergent  digestible  protein  contents? 

The  total  solid  and  fat  contents  of  the  several  milks  were  un- 
affected by  the  changes  in  rationing,  but  to  a  slight  extent  their  albu- 
minoid contents  were  changed  in  a  direction  parallel  to  the  increase 
or  decrease  in  the  protein  content  of  the  ration. 

9.  What  can  be  said  touching  the  economics  of  milk  and  butter 
production  when  rations  were  fed  which  were  decidedly  unlike  in  their 
digestible  protein  contents f 

The  vagaries  of  the  American  feed  markets  are  such  that  it  is 
quite  impossible  dogmatically  to  assert  that  any  one  of  the  four  rations 
fed,  or  any  other  constructed  with  a  view  of  furnishing  equivalent 
amounts  of  digestible  protein  and  total  digestible  nutrients,  necessarily 
is  always  to  be  preferred — ^viewed  from  the  standpoint  of  economics. 
However,  as  things  were  in  pre-war  days,  there  was  but  little  to  choose 
between  them,  whereas  nowadays  the  high  protein  ration  is  inordi- 
nately costly  as  compared  with  the  medium  or  low  protein  rations.  This 
is  doubtless  in  part  a  reflex  of  the  abundant  corn  crop  of  1921  and  its 
consequent  low  price.  However,  it  should  always  be  borne  in  mind 
that,  other  things  being  equal — ^they  are  far  from  being  equal  at  pres- 
ent— so  be  it  prices  are  not  materially  unlike,  a  relatively  nitrogenous 
ration  is  to  be  preferred  to  one  carrying  a  smaller  proportion  of  pro- 
tein, because  of  its  increased  content  of  plant  food. 

10.  What  is  the  normal  shrinkage  in  bovine  milk  fiowf 

The  testimony  which  was  afforded  by  305  complete  lactations  in- 
dicated that  cows  bred  to  calve  12  to  14  months  after  calving  tend  to 
give  month  by  month  %o  of  the  yield  of  the  preceding  month  for 
nine  months  and  %  of  the  yield  of  the  preceding  month  during  the 
remainder  of  their  lactation.  Cows  which  have  aborted  or  which 
remain  farrow  tend  to  give  month  by  month  ^%4  of  the  yield  of  the 
preceding  month.  These  factors  are  closely  similar  to  those  heretofore 
published.  This  large  amount  of  data  simply  adds  to  the  present 
stock  of  information ;  which  was  all  that  it  was  expected  it  would  do. 
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11.  To  what  extent  is  the  milk  flow  directly  affected  by  abortion  f 
As  a  result  of  abortion  (28  cases  having  occurred)  the  average 

milk  flow  was  decreased  for  H  to  %  and  the  total  solids,  fat  and 
albuminoid  percentages  increased  about  0.20  percent. 

12.  What  effect  upon  milk  flow  is  wrought  by  abrupt  changes  in 
rationing? 

Based  upon  the  comparison  of  394  instances  of  abrupt  changes  in 
rationing,  the  statement  seems  warranted  that,  provided  no  material 
alteration  occurs  in  the  digestible  nutrient  intake,  abrupt  changes  in 
the  digestible  protein  intake  are  not  likely  to  be  reflected  in  the  milk 
yields. 

conclusions  as  to  maintenance  requirements 

The  answers  to  the  questions  as  to  maintenance  needs  of  dairy 
cattle  in  various  stages  of  life,  while  dry,  while  pregnant,  while  farrow, 
while  milking,  are  summarized  on  pages  182-184  of  bulletin  226.  The 
essential  findings  may  be  stated  as  follows : 

Dry,  non-pregnant  cows.  It  seems  reasonably  safe  to  conclude  that 
a  daily  digestible  nutrient  intake  of  0.5  pounds  true  protein — or  its 
equivalent  of  0.6  pounds  digestible  crude  protein — ^and  of  6  therms  of 
energy — or  its  equivalent  of  0.5  pounds  total  digestible  nutrients — is 
sufficient  to  maintain  a  1,000  pound  dry,  non-pregnant  cow.  These 
are  the  figures  proposed  by  Armsby  and  by  Eckles. 

FoetcU  construction.  It  seems  quite  safe  to  assume  that  foetal 
construction  makes  little  or  no  draft  upon  the  non-nitrogenous  nutrient 
intake  of  the  mother,  but  a  small  but  noticeable  draft  upon  her  digesti- 
ble protein  intake,  equivalent  to  a  daily  usage  of  from  0.05  to  0.1 
pounds  which  may  amount  to  upwards  of  10  percent  of  the  entire 
protein  intake  extending  over  the  entire  gestation  period,  very  much 
the  larger  part  of  which  draft,  of  course,  occurs  during  the  latter  part 
of  gestation. 

Milk  making.  It  seems  quite  safe  to  assert  that  a  pound  of  diges- 
tible protein  a  day  per  1,000  pound  live  weight  is  not  enough  to  enable 
a  cow  to  make  a  full  milk  yield,  to  drop  a  full-sized  calf  and  to  main- 
tain her  full  live  weight.  It  is  very  certain  that  a  2yi  pound  digestible 
protein  supply  is  entirely  unnecessary,  neither  increasing  milk  flow 
materially  nor  augmenting  live  weight  over  those  secured  when  a 
lesser  amount  is  fed.  Apparently  a  IJ^  pound  digestible  protein  in- 
take per  1,000  pounds  of  live  weight  enabled  the  cows  in  these  trials 
to  make  reasonably  good  yields,  drop  healthy  and  full  sized  calves 
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and  maintain  their  bodily  status.  It  should  be  said,  however,  that 
most  of  the  cows  in  these  trials  were  fed  on  a  somewhat  overhigh 
plane  of  nutrition. 

So  far  as  the  current  feeding  standards  are  concerned  it  may  be 
said  that  the  vast  amount  of  data  accumulated  seems  to  warrant  the 
assertion  that  no  one  of  them  is  ideal,  the  Savage  figures  tending  to 
run  high  and  the  Armsby  figures  tending  to  run  low,  the  Haecker 
(1914)  figures  to  be  reasonably  satisfactory  in  respect  to  digestible 
protein  and  the  Eckles  figures  to  be  reasonably  satisfactory  though 
somewhat  low  for  milks  below  5j4  percent  fat. 

Milk  making  by  pregnant  cows.  It  seems  safe  to  conclude  that 
during  the  first  two-thirds  of  gestation,  a  ration  furnishing  stand- 
ard amounts  of  the  several  nutrients  for  purposes  of  maintenance 
and  milk  only  should  serve  the  third  purpose,  that  is  to  say  the  early 
stages  of  foetal  construction;  and  that  during  the  last  third  of  the 
gestation,  when  usually  either  a  small  amount  of  milk  is  being  made 
or  none  whatever,  according  to  the  amount  made,  there  should  be  fed 
a  maintenance  ration  plus  the  amount  needed  for  milk  making  and 
plus  the  equivalent  of,  perhaps,  twice  the  total  digestible  nutrient 
content  of  the  newborn  calf,  care  being  taken  to  see  to  it  that  this  in- 
crement contains  a  sufficiency  of  digestible  protein  upon  which  ingre- 
dient the  foetus  makes  an  especial  draft.  All  of  which,  "being  inter- 
preted" means ;  do  not  forget  the  call  of  the  unborn  calf,  and  feed  a 
little  more  liberally  than  is  needed  to  maintain  the  mother. 

The  full  statements  concerning  these  trials  as  set  forth  in  bulletins 
225  and  226,  containing  respectively  200  and  192  pages,  are  free  for 
the  asking. 
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BULLETIN  230:     CONCERNING  BLOOD  COMPLEMENT 

By  F.  a.  Rich* 
Former  Station  Veterinarian 

In  connection  with  the  titration  of  guinea  pig's  blood  serum  for 
use  in  biological  tests  at  the  Vermont  Station  the  writer  found,  in 
1913,  a  sample  of  serum  in  which  no  complement  could  be  detected. 
Further  trials  were  made  in  which  increasing  amounts  up  to  1  c.  c. 
were  used  with  the  same  negative  result;  and  this  result  was  abun- 
dantly confirmed  in  the  station  as  well  as  in  other  laboratories  and 
by  several  workers.  So  far  as  the  writer  is  aware  a  similar  situation 
had  not  been  met  elsewhere  at  that  time.*  At  any  rate,  he  did  not  find 
published  mention  of  the  fact,  although,  it  is  true,  his  search  of  litera- 
ture was  not  exhaustive.  In  view  of  the  fact  that  guinea  pig  blood 
constitutes  the  main  laboratory  source  of  complement  and  that  it  has 
been  generally  assumed*  that  all  cavies  possessed  this  character,  its 
deficiency  in  this  instance  was  both  striking  and  disconcerting. 

Complement  has  been  deemed  in  the  past  to  be  a  normal  and 
invariable  constituent  of  blood  serum.  It  is  held  to  be  a  protective 
agency  because  of  its  destructive  activities  in  respect  to  invading  or- 
ganisms, after  the  latter  have  been  sensitized  by  the  amboceptor  which 
the  somatic  cells  produce  as  a  result  of  the  antigenic  action  of  the 
invader.  It  brings  about  disintegration  of  foreign  blood  cells  as  soon 
as  the  latter  provide  the  necessary  and  specific  amboceptor  by  their 
antigenic  action  on  the  body  cells.     Theory  has  it  that  complement 


*The  writer  acknowledges  the  helpful  cooperation  of  the  late  Ramon  C. 
Downing,  M.  Sc,  associate  veterinarian  1914-1917,  and  Hiram  D.  Moore, 
A.  B.,  M.  S^.,  associate  veterinarian  1917-1919,  now  Professor  of  Bacteriology 
in  the  University  of  Oklahoma.  Mr.  Downing  assisted  more  particularly 
in  the  conduct  of  the  genetic  studies  and  most  faithfuUy  cared  for  the  many 
thousands  of  experimental  animals.  Professor  Moore  is  responsible  in  large 
measure  for  the  study  of  the  inter-relationships  of  the  opsonins  and  com- 
plement. 

^See  Schlesinger's  statement  (1915)  cited  on  page  15. 

>Noguchi  seems  to  have  assumed  unerring  uniformity  In  the  amount  of  com- 
plement from  this  source  when  he  advised  the  use  of  0.1  c  c  of  40  percent  fresh 
guinea  pig's  serum  in  the  complement  fixation  test,  without  requiring  complement 
titration.     (Serum  Diagnosis  of  Syphilis,  8rd  edit.  Chap.  7  [1912].) 

Sajous  states  that  "complement  is  always  present  in  normal  serum."  (Ana- 
lytic Cyclopedia  of  Practical  Medicine  [7th  edit.].     Vol.   V.,   p.  886    [1913].) 

Zinsser  speaks  of  complement  as  "universally  present  in  normal  serum" 
(Infection  and  Resistance). 


4  Bulletin  230 

guards  the  body  against  serious  inroads  by  pathogenic  organisms,  that 
it  aids  in  the  combat  against  established  and  well-seated  infection  and 
that  it  tends  in  a  way  to  supplement  the  combative  activities  of  anti- 
toxins, serums  and  vaccines.  In  short,  complement  is  held  to  be  a 
necessary  factor  in  bacteriolytic  immunity  in  respect  to  infection. 

The  chemical  characteristics,  the  physical  characteristics,  the  very 
nature  of  complement  is  not  known.  What  it  does  is  evident  but 
what  it  is  is  not  clear.  It  acts  in  some  respects  after  the  fashion  of 
an  enzym  but  in  others  it  does  not.  It  is  readily  destroyed  by  a  half 
hour's  heating  at  50^  C.  and  rapidly  deteriorates  as  to  its  potency  on 
standing  either  at  room  temperature  or  in  cold  storage.  Whether 
there  is  more  than  one  such  substance  in  a  given  senun  was  a  moot 
point  for  a  time  and  is  not  yet  determined  with  absolute  certainty, 
but  later  studies  have  seemed  to  indicate  that  there  is  but  one. 

The  importance  of  complement  in  connection  with  the  comple- 
ment-fixation test,  its  accredited  relation  to  the  establishment  of  ac- 
quired immunity  to  infectious  diseases,  as  well  as  the  possibility  that 
its  omission  may  occur  more  frequently  in  nature  than  is  generally 
supposed  and,  finally,  the  possible  relation  of  its  comparative  lack  to 
increased  susceptibility  to  the  inroad  of  infectious  disease;  all  these 
conditions  seemed  to  warrant  thorough  investigation  of  the  case  in 
hand. 

And  such  an  investigation  has  been  conducted  at  this  Station  for 
a  considerable  period  of  years,  during  which  time  attempts  have  been 
made  in  part  at  least  to  answer  the  following  questions: 

1.  Was  this  complement-deficient  strain  mutant? 

2.  If  so,  do  breeding  experiments  show  that  it  conforms  to 
Mendel's  law? 

3.  Is  complement  a  constant  or  a  variant  character  of  the  blood 
serum  ? 

4.  Are  complement-deficient  guinea  pigs  more  susceptible  to  dis- 
ease than  are  complement-positive  guinea  pigs  ? 

5.  What  is  the  relation  of  complement  to  opsonins? 

6.  What  is  the  opsonic  index  of  complement-negative  sera? 

7.  Do  complement-deficient  sera  possess  hemolytic  or  bacteri- 
olytic powers? 

8.  Can  complement  production  be  induced  in  complement-defi- 
cient guinea  pigs  ? 
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Genetic  Studies 

The  guinea  pig  which  furnished  the  unusual  serum  mentioned 
on  page  3  was  from  the  stock  of  the  Vermont  State  Laboratory  of 
Hygiene,  being  one  of  a  recent  consignment  purchased  direct  from 
a  breeder  of  cavies  in  Middlesex,  Vt.  The  source  from  which  this 
party  secured  the  parent  stock  could  not  be  determined. 

It  seemed  highly  probable  that  mutation  had  occurred  and  that 
this  low  complement  individual  was  either  a  mutant  or  a  member  of 
a  mutant  strain,  although  the  possibility  that  it  was  a  sport  could  not 
be  entirely  ignored.  Since  only  a  dominant  mutant  would  display  the 
new  character  and  since  this  form  of  mutation  is  less  common  than  the 
recessive  type,  it  seemed  reasonable  to  assume  that  a  recessive  mutation 
had  occurred  at  least  two  generations  back,  thus  permitting  the  recessive 
character  to  appear  in  this  animal.  Such  a  hypothesis,  however,  neces- 
sitated the  assumption  that  two  hybrids,  genotypically  identical  with 
the  original  mutant,  had  appeared  in  the  breeder's  stock  for  every 
recessive  animal  dropped. 

Fifty-one  animals  (12  males,  39  females)  were  secured  from  this 
breeder  and  from  the  State  Laboratory,  numbered,  ear-tagged  and 
detailed  individual  descriptions  recorded.  It  was  a  random  selection 
in  each  case.  Bleeding,  followed  by  the  usual  complement  titration,^ 
disclosed  a  three  to  one  ratio  respecting  the  contrasted  complement 
phenotypes  but  a  striking  disproportion  of  sexes  (6  male,  32  female) 
obtained  in  connection  with  the  high  complement  character.  Thirteen 
individual  sera  caused  no  hemolysis  in  0.2  c.  c,  20  percent  solution. 


^The  hemolytic  system  employed  at  the  time  the  complement-deficient  animals 
were  discovered  comprised  horse  erothrocytes  and  anti-horse  amboceptor,  pro- 
duced by  immunizing  rabbits  to  the  horse  blood  cells.  The  amboceptor  was  titrated 
to  %  c.  c.  of  1  percent  suspension  of  the  horse  erothrocytes  in  the  presence  of 
an  excess  of  complement  Two  or  more  units  of  the  amboceptor  were  used  in  all 
the  complement  tests  and  titrations.    . 

A  sheep  hemolytic  system  was  used  parallel  with  the  horse  system  on  more 
than  800  complement-deficient  sera  with  equally  good  results,  but  a  human  hemo- 
lytic system  tried  on  a  limited  number  of  sera  gave  very  different  results,  for 
while  it  Indicated  a  deficiency  of  complement  in  all  sera  titrated  the  deficiency 
shown  was  far  less  marked  than  with  the  horse  system. 

A  convenient  and  accurate  method  of  preserving  standardized  bacteriolytic 
amboceptors  against  deterioration  was  devised  during  the  course  of  the  study. 
Having  been  drawn  in  the  usual  way,  10  z  10  cm.  squares  of  S.  and  S.  filter 
paper  No.  597  were  saturated  with  the  serum,  being  evenly  wet  throughout,  placed 
on  non-absorbent  paper,  dried  at  room  temperature,  cut  into  10  m.  m.  strips  and 
standardized  as  to  their  amboceptor  content.  Small  pieces  varying  in  width  from 
1  to  5  m.  HL  were  cut  from  the  end  of  a  6  x  100  m.  m.  strip  and  added  to  a  series 
of  tubes  containing  the  same  amounts  of  other  factors  as  those  employed  for 
the  titration  of  the  liquid  serum.  After  a  half  hour's  incubation  at  87*  C.  the 
narrowest  piece  causing  complete  hemolysis  was  found  to  measure  2  m.  m.  and 
that  was  assumed  as  the  amboceptor  unit.  The  strips  were  placed  in  dry,  corked, 
paraflin-sealed  test  tubes  and  stored  in  the  dark.  At  an  interval  of  nine  months 
the  tltre  remained  unchanged.  Indeed,  after  six  years  the  titre  was  sufficient  to 
enable  its  use  as  a  control.  The  obvious  advantages  of  this  procedure  are  uni- 
formity, ease  of  preservation  for  a  long  period  without  perceptible  change  of 
titre,  and  the  fact  that  the  strip  does  not  need  to  be  inacUvated  to  destroy  the 
complement. 
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while  the  remaining  38  sera  gave  complement  titres  ranging  from 
0.07  to  0.04  c.  c.  with  an  average  of  0.058  c.  c.  The  13  (6  male,  7 
female)  were  again  bled  and  their  sera  subjected  to  a  yet  more  rigid 
test,  in  which  amounts  of  the  4  to  1  dilution  up  to  1  c.  c.  were  used 
and  comparable  results  secured. 

Mutation  had  seemed  very  acceptable  as  an  explanation  of  the 
origin  of  one  such  case,  but  the  finding  of  13  similar  cases  in  the  same 
breeding  stock  left  no  room  for  doubt  as  to  the  adequacy  of  such  an 
explanation.  The  fundamental  nature  of  the  problem  now  seemed 
clear,  but  its  solution  obviously  involved  the  production  of  a  sufficiently 
large  population,  possibly  thousands  of  individuals,  by  carefully  con- 
trolled pedigreed  breeding  to  enable  a  definite  determination  of  the 
genetic  constitution  responsible  for  the  contrasted  characters.  Unlike 
most  Mendelian  studies  the  breeding  test  must  be  supplemented  by  a 
delicate  serological  test,  because  both  the  Mendelian  factor  and  the 
character  conditioned  by  it  are  hidden  from  view,  one  in  the  blood 
stream  of  the  soma  and  the  other  in  the  germoplasmic  stream  which 
courses  through  the  successive  generations. 

The  sexes  were  segregated  to  prevent  further  chance  mating  and 
to  allow  the  females  already  pregnant  from  such  mating  to  drop  their 
young.  The  51  breeding  animals  were  then  divided  into  two  groups 
to  enable  a  preliminary  trial  mating.  Group  I  contained  5  low  com- 
plement females,  20  high  complement  females  and  6  low  complement 
males;  group  II,  12  high  complement  females,  2  low  complement 
females  and  6  high  complement  males.  The  object  of  this  grouping 
and  mating  was  to  determine  whether  the  low  or  the  high  complement 
condition  was  dominant  in  transmission ;  for  while  the  preponderance 
of  high  complement  individuals  seemed  to  indicate  their  condition  to 
be  controlling,  such  prevalence  could  also  be  accounted  for  by  a  very 
recent  dominant  mutation,  in  which  case  the  low  complement  condition 
should  be  dominant  provided  perfect  dominance  obtained. 

While  the  complement  test  clearly  divided  the  animals  into  two 
distinct  phenotypical  classes  it  seemed  reasonable  to  assume  that,  ac- 
cording to  the  direction  of  dominance,  either  one  or  the  other  of  these 
classes,  in  reality,  comprised  two  distinct  genotypical  kinds,  one  of 
them  homozygous  for  its  complement  condition,  the  other  heterozygous 
for  the  same.  This  assumption,  however,  needed  confirmation.  Be- 
cause of  this  uncertainty  as  to  the  genotypical  constitution  of  the 
individuals,  all  the  complement-deficient  males  were  allowed  to  run 
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with  the  females  in  group  I  and  all  the  males  apparently  normal  in 
respect  to  complement  were  employed  for  mating  in  group  II.  How- 
ever, all  the  females  in  both  groups  were  placed  in  individual  pens 
before  dropping  their  young. 

Table  I  sets  forth  the  oflFspring  resulting  from  each  of  the  dif- 
ferent matings  in  the  two  groups. 

TABLE  I.      OKIGINAL  MATINGS,   1913 


Group  I 

Group  II 

Parents 

Offspring 

Parents 

Offspring 

Female 

Male 

Female 

Male 

1 

c 

X 

c 

c 

c 

27 

C 

X 

C 

C 

2 

c 

X 

c 

c 

c 

28 

C 

X 

C 

C 

3 

c 

X 

c 

c 

c 

29 

C 

X 

C 

C 

C 

4 

c 

X 

c 

c 

30 

C 

X 

C 

c 

5 

c 

X 

c 

c 

c 

31 

C 

X 

C 

C 

C 

6 

C 

X 

c 

C 

c 

32 

C 

X 

C 

C 

0 

i 

C 

X 

c 

C 

C 

33 

C 

X 

C 

C 

C 

8 

C 

X 

c 

C 

C 

34 

C 

X 

C 

C 

C 

9 

C 

X 

c 

C 

c 

35 

C 

X 

C 

C 

C 

10 

C 

X 

c 

C 

C 

36 

C 

X 

C 

C 

c 

11 

C 

X 

c 

C 

0 

37 

C 

X 

c 

0 

c 

12 

C 

X 

c 

C 

38 

c 

X 

c 

c 

c 

13 

C 

X 

c 

c 

c 

39 

c 

X 

c 

14 
15 

C 

c 

X 
X 

c 
c 

c 
c 

c 
C 

C  =^  High  Complement ;  c  = 
ment. 

Low  Comple- 

IG 
17 

18 

c 
c 
c 

X 
X 
X 

c 
c 
c 

c 
c 
c 

c 
C 
c 

ft 

Group  I 

SUMMATION 

Females  Males    Offspring 
c    5        c    5        c    9 

19 
20 

c 
c 

X 
X 

c 
c 

c 
c 

c 

C20 

c  20 

c 

11 

21 

c 
c 

X 
X 

c 

c 

c 
c 

c 
C 

C  25 

22 

Group  II 

C12 

C12 

C20 

23 

c 

X 

c 

c 

c 

c 

1 

24 

c 

X 

c 

c 

0 

25 

c 

X 

c 

c    2 

C    2 

c 

1 

26 

c 

X 

c 

c 

C 

C 

1 

The  5  complement-deficient  females,  1-5,  in  group  I,  mated  with 
complement-deficient  males,  produced  9  offspring,*  all  of  which  proved 
to  be  complement-deficient  as  were  their  parents.  The  20  high  com- 
plement females,  6-25,  in  group  I,  crossed  with  the  low  complement 
males,  dropped  36  offspring,  25  of  which  showed  the  usual  amount 
of  complement  as  did  their  dams,  while  the  remaining  11  inherited 
the  deficiency  which  characterized  their  sires.  The  two  offspring  of 
low  complement  female  38  in  group  2  represented  the  reciprocal  cross 


1  The  offspring  were  bled  when  only  a  few  days  old,  indeed  sometimes  when 
only  a  few  hours  old,  their  blood  serum  being:  tested  for  complement  in  amounts 
up  to  and  Including  0.3  c.  c.  whole  serum.  Sera,  0.04  c.  c  of  which  gave  no 
evidence  of  complement,  were  regarded  as  complement-deficient  and  all  animals 
furnishing  such  senun  were  bled  again  if  they  lived  to  sufficient  age  to  provide 
serum  for  alec,  test  as  well.  The  blood  was  drawn  directly  from  the  heart 
while  the  animal  was  under  ether  anesthesia. 
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and,  likewise,  manifested  the  contrasted  complement  characters  pos- 
sessed by  their  parents.  Nos.  25  (high  X  low)  and  39  (low  X  high) 
did  not  breed.  From  the  12  high  complement  females,  26-37,  in  group 
II,  mated  with  their  kind,  21  offspring  were  secured,  20  of  which 
were  like  their  parents  with  respect  to  complement,  while  one,  the 
offspring  of  female  30,  displayed  the  recessive  character  in  striking 
contrast  to  its  parents  and  the  other  progeny  of  like  parentage. 

Owing  to  lack  of  information  as  to  the  complement  character  of 
the  parents  of  the  foundation  animals,  the  preponderance  of  high  com- 
plement individuals  could  not  be  accepted  as  proof  of  the  dominance 
of  that  character  expression,  but  a  similar  preponderance  displayed  by 
the  progeny  of  cross-bred  animals  left  no  room  for  doubt  as  to  the 
direction  of  dominance.  This  important  disclosure  seemed  to  enable 
a  fairly  safe  interpretation  of  the  genetic  constitution  of  a  considerable 
proportion  of  the  filial  population  as  well  as  that  of  all  the  parents 
of  complement-deficient  offspring. 

The  obvious  direction  of  dominance  necessitated  the  assumption 
that  all  the  low  complement  individuals  were  homozygous  for  that 
complement  expression  and,  therefore,  would  always  breed  true  with 
respect  to  it  when  mated  with  their  kind.  The  offspring  of  females 
1-5  seemed  to  fulfil  this  requirement,  although  the  number  was  too 
small  to  be  taken  very  seriously  per  se. 

Since  the  high  complement  animals  employed  in  these  preliminary 
trials  had  been  produced  as  the  result  of  mixed  mating  and  since  com- 
plement-deficient individuals  had  participated  in  such  chance  mating, 
it  seemed  safe  to  assume  that  two  distinct  genotypes  were  in  hand, 
one  homozygous  and  the  other  heterozygous  for  the  full  complement 
expression.  This  assumption  seems  amply  confirmed  by  the  character 
of  the  progeny  of  cross-mating,  for  if  all  of  the  high  complement 
parents  had  been  homozygous  for  the  character  there  should  have 
been  no  complement-deficient  young,  and  had  they  all  been  hetero- 
zygous dominants  the  high  and  low  complement  offspring  should  have 
been  approximately  equal.  The  26  high  to  13  low  complement  off- 
spring actually  obtained  from  such  mating  indicated  that  approximately 
one-third  of  the  high  complement  parents  were  homozygous  for  their 
complement  expression  while  the  remaining  two-thirds  were  hetero- 
zygous for  the  same.  Nine  of  the  high  complement  females  disclosed 
their  heterozygous  nature  by  producing  one  or  more  low  complement 
offspring,  but  the  other  hybrid  mothers  could  not  be  distinguished 
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from  the  pure  dominants  until  further  subjected  to  the  hybrid  test, 
to  wit,  mating  with  recessives. 

Even  more  uncertainty  as  to  genotypic  constitution  existed  in 
respect  to  females  26-37  as  well  as  the  males  with  which  they  were 
mated,  for  three  combinations  for  mating  were  possible,  namely,  homo- 
zygous with  homozygous,  homozygous  with  heterozygous,  and  hetero- 
zygous with  heterozygous.  All  but  one  of  the  21  resulting  offspring 
presented  the  dominant  complement  character  like  the  parents,  but 
as  in  the  case  of  the  parents  it  seemed  reasonable  to  expect  that  a  con- 
siderable proportion,  perhaps  two-thirds,  would  not  breed  true  to  theit 
complement  phenotype. 

Both  parents  of  the  one  low  complement  offspring  must  have 
been  heterozygous  in  respect  to  their  high  complement  character,  for 
with  neither  of  the  other  two  possible  mating  combinations  should  a 
low  complement  offspring  have  been  possible.  In  the  case  of  hetero- 
zygous parentage,  however,  one-third  of  the  offspring  should  inherit 
the  deficiency  as  the  result  of  segregation  of  the  complement  factor 
in  gametogenesis.  The  case  in  question  not  only  disclosed  the  geno- 
typical  nature  of  female  30,  but  it  also  furnished  further  proof  of  the 
dominance  of  the  full-complement  expression  which,  in  itself,  seemed 
to  justify  the  mating  of  so  many  high  complement  females  with  their 
genotypically  uncertain  kind. 

As  already  has  been  stated,  the  genetic  constitution  of  the  20 
full-complement  progeny  of  full-complement  parentage  (26-37  in  group 
II)  was  not  clear  until  it  was  determined  by  further  selective  mating. 
However,  the  genetic  constitution  of  the  remaining  49  progeny  of 
females  1-24  and  38  seemed  easy  to  fix,  for  the  reason  that  they  either 
proved  complement-deficient  on  applying  the  complement-fixation  test 
or  that  they  were  the  offspring  of  a  complement-deficient  parent  or 
parents,  which  of  itself  seemed  to  guarantee  their  identity. 

All  of  the  females  used  in  the  preliminary  breeding  trial,  together 
with  the  daughters  they  produced,  were  next  mated  with  low  comple- 
ment males.  The  largest  possible  number  of  recessive  offspring  was 
then  secured  with  which  to  prosecute  the  experimental  breeding  and, 
furthermore,  all  of  those  displaying  the  dominant  character  should 
prove  heterozygous  for  the  same.  Moreover,  the  use  of  low  comple- 
ment males  with  the  mixed  class  of  dominant  females  served  gradually 
to  identify  those  individuals  possessing  but  a  single  dose  of  each 
complement  factor,  for  such  sooner  or  later  disclosed  their  genotypical 
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■ 
nature  by  dropping  one  or  more  low  complement  oflFspring.    The  low 

complement  females  continued  to  breed  true  to  their  phenotype  and 
the  heterozygous  dominants  produced  nearly  equal  numbers  of  low 
and  high  complement  offspring  in  accordance  with  Mendelian  expecta- 
tions. At  times  the  exact  50-50  ratio  obtained  but  more  frequently 
the  numbers  of  either  one  phenotype  or  the  other  were  slightly  in 
excess. 

These  satisfactory  results  continued  without  serious  interruption 
until  the  spring  of  1916,  when  the  breeding  stock  became  infected 
with  jB.  suisepticus,  from  which  a  very  large  proportion,  over  700 
animals,  eventually  died.  The  disease  thus  caused  assumed  a  chronic 
form  in  many  of  the  full-complement  animals,  most  of  which  developed 
more  or  less  extensive  lesions  in  the  liver,  spleen  and  peritoneum.  A 
large  part  of  the  low  complement  animals,  however,  died  within  from 
a  few  hours  to  one  or  two  days,  without  developing  the  gray  necrotic 
foci  so  frequently  found  in  those  possessing  more  complement.  Post- 
mortem examination  of  these  animals  usually  revealed  accumulations 
of  fluid  in  the  large  body  cavities  and  dark  colored  serous  membranes. 

Previous  to  the  outbreak  of  this  disease  the  proportion  of  high 
to  low  complement  offspring  in  connection  with  the  hybrid-recessive 
cross  had  constantly  approximated  the  expected  ratio,  but  during  the 
progress  of  the  disease  a  preponderance  of  high  complement  progeny 
developed.  The  size  of  the  discrepancy,  which  at  no  time  exceeded 
the  probable  error,  did  not  cause  much  concern,  but  its  development 
in  connection  with  the  disease  and  its  persistance  could  not  be  regarded 
as  mere  coincidence.  On  the  contrary,  the  discrepancy  seemed  to  be 
due  directly  to  the  different  degrees  of  resistance  to  the  disease  offered 
by  the  unborn  high  and  low  complement  oflFspring  of  the  infected  high 
complement  females  while  suffering  from  a  chronic  form  of  the  dis- 
ease. Some  females,  presumably  carrying  only  low  complement  oflF- 
spring, lost  them  prematurely,  while  others,  presumedly  bearing  only 
high  complement  oflFspring,  were  able  to  carry  their  young  to  suflfident 
age  for  bleeding.     (In  this  connection  see  pages  21-23.) 

The  September  1,  1916  record  of  oflFspring  from  this  cross  showed 
320  complement-deficient  animals  and  353  possessing  full  measure  of 
complement.  The  latter  group  was  consistently  the  larger  during  the 
remaining  three  years  of  breeding,  although  the  oflFspring  produced 
during  the  latter  period  approximated  the  expected  50-50  ratio,  in  this 
respect  being  comparable  to  the  result  obtained  during  the  two  years 
preceding  the  suipestifer  infection.    While  the  total  number  of  high 
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complement  offspring,  including  those  produced  prior  to  and  during 
the  course  of  the  disease,  remained  constantly  in  excess  during  the  last 
three  years  of  breeding  there  were  actually  six  more  low  than  high  com- 
plement animals  produced  during  this  latter  period. 

The  lethel  nature  of  the  complement-deficient  character  was  evi- 
denced at  an  early  stage  of  the  breeding  by  the  greater  mortality  among 
the  low  complement  animals.  Consequently  bleeding  when  only  a 
few  days  old  was  resorted  to,  in  order  to  enable  an  early  complement 
test.  Enough  blood  was  readily  and  safely  secured  at  that  early  age. 
While  the  phenotypical  ratios  obtained  in  both  the  hybrid-recessive  and 
the  hybrid-hybrid  matings  under  favorable  conditions  have  been  satis- 
factory, at  no  time  during  the  six  years*  breeding  has  it  been  possible 
to  raise  and  maintain  as  large  a  proportion  of  the  low  complement  as 
of  the  high  complement  animals. 

The  breeding  experiment  was  seriously  embarrassed  in  the  spring 
of  1917  by  the  loss  of  over  800  of  the  breeding  animals,  including 
most  of  the  low  complement  females,  because  of  faulty  feeding.  Up 
to  that  time  the  interbreeding  of  hybrids,  the  most  salient  feature  of 
Mendelian  studies,  had  not  been  tried.  To  enable  the  production  of 
hybrids  for  this  important  mating,  about  200  strong,  mature  females 
were  purchased  and  used  for  hybridizing  with  low  complement  males. 
From  this  cross  709  offspring  were  secured,  not  one  of  which  showed 
the  low  complement  expression  which  characterized  their  sires.  The 
average  complement  titer  of  both  the  offspring  and  their  dams  was 
almost  exactly  0.06  c.  c.  of  20  percent  solution  of  serum,  while  the 
sera  of  none  of  the  sires  used  produced  hemolysis  in  quantities  up 
to  1  c.  c.  of  clear  serum.  This  result  seemed  to  guarantee  the  homo- 
zygous nature  of  the  dams  and,  likewise,  the  suitability  of  their  off- 
spring for  the  hybrid  breeding  test. 

By  interbreeding  the  hybrid  progeny  of  this  cross  a  second  filial 
generation  (Fj)  comprising  1,209  animals  was  secured.  Factor  seg- 
regation quite  t3rpical  of  the  F,  generation  of  monohybrid  crosses  was 
shown  throughout  the  employment  of  this  mating  by  a  close  approxi- 
mation to  the  expected  3  to  1  ratio.  By  reference  to  table  II,  which 
shows  the  total  number  of  high  and  low  complement  offspring  obtained 
in  each  of  the  matings  employed,  it  may  be  seen  that  907  mixed 
dominants  and  302  recessives  were  secured  by  the  hybrid-hybrid  mat- 
ing up  to  September  1,  1919,  which  represents  a  ratio  of  3.0008  to 
0.9992,  the  closest  possible  approximation  to  the  3  to  1  ratio. 
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A  total  of  2,046  offspring  was  secured  for  the  complement  test 
by  breeding  entirely  within  the  complement-deficient  phenotype.  Not 
one  of  these  offspring  afforded  serum  capable  of  causing  even  a  trace 

TABLE  II.     COMPLEMENT  CHARACTER  OF  OFFSPRING  SECURED  FROM  PEDIGREE  BREZDHTO 


Parents  Offspring 


Matlngs  CC     CC  —  Co       Co  cc  Totals  Ratios 

+       +        +        +  — 


oc 

CC 

355 

CC 

Cc 

114 

oc 

cc 

709 

Cc 

Cc 

907 

302 

Cc 

cc 

711 

690 

CC 

cc 

2046 

355 

114 

709 

1209  3.0008  :  0.9992 
1401  1.015  :  0.986 
2046 


355  1021  1420         3038  5834 


.      CC  =  Homozygous  dominant;  Cc  =  Heterozygous  dominant:  cc  =  ReceAsiim- 
+  =  High  complement ;  —  =  Complement-deficient.       ""™*"*"'^  •  ^  -  Keceamve . 

By  allowing  C  to  represent  the  high  complement  factor  and  c  that  re- 
sponsible for  deficiency  of  the  character,  the  three  possible  factor  oombinar 
tions  can  be  expressed  by  CC,  Cc  and  cc,  respectively.  The  first  (CC)  Is 
used  to  represent  the  genetic  constitution  of  a  homozygous  dominant,  the 
second  (Cc)  that  of  a  heterozygous  dominant,  while  the  third  (oc)  is  uaed 
to  express  the  recessive  genotype. 

As  a  necessary  result  of  chromosome  reduction,  which  seems  to  be  the 
most  salient  feature  of  gametogenesis,  these  combinations  are  always  broken 
and,  as  a  result,  the  individual  factors  are  left  free  in  their  respective 
gametes  to  recombine  during  fertilization  with  one  or  the  other  of  the 
contrasted  factors  (C  or  c)  from  the  opposite  sex.  Obviously  the  geno- 
typical  constitution  of  the  resulting  offspring  will  depend  upon  the  kind 
of  complement  factor  (C  or  c)  available  for  such  recombination. 

Homozygous  dominants  of  both  sexes  provide  only  C  factors,  conse- 
quently they  always  breed  true.  Likewise  recessive  (cc)  individuals,  which 
are  also  homozygous,  breed  true  since  they  can  produce  none  but  c  gametes. 
When,  however,  CC  and  cc  individuals  are  crossed  each  contributes  its  par- 
ticular kind  of  gamete  and  none  other,  and,  consequently,  the  only  com- 
bination possible  is  Cc;  but  since  C  is  dominant  the  resulting  hybrid  off- 
spring always  displays  the  full  measure  of  complement.  Such  hybrid  Indi- 
viduals produce,  as  the  result  of  chromosome  reduction,  equal  numbers  of 
C  and  c  gametes.  When  mated  with  their  kind  for  the  production  of  a  F. 
generation  the  chances  are  equal  that  C  will  combine  with  C  or  with  c  and. 
likewise,  that  c  will  combine  with  C  or  c;  consequently  CO  and  cc  offspring 
occur  in  equal  numbers,  but  the  Cc  Individuals  will,  on  the  average,  be  equal 
in  number  to  the  sum  of  the  other  two. 

While  the  genotypical  ratio  thus  obtained  is  ICC  :  2Cc  :  Ice,  owing  to 
the  dominance  of  the  C  factor  the  phenotypical  ratio  presented  is  three  high 
complement  individuals    (ICC  +  2Cc)   to  one  deficient  for  the  character. 

When  Cc  and  cc  individuals  are  crossed,  equal  numbers  of  the  Cc  and 
cc  offspring  are  produced  because  the  c  gametes  of  the  recessive  have  an 
equal  chance  of  combining  with  C  or  with  c  gametes  contributed  by  the 
hybrid. 


Complement-deficient      tour      weeks        CompIement-ileScient     three     weeks 
after    Injection   of   complement-  after    Injection    at    deflbrlnated 

poBltlve  serum.     (See  page  23.)  blood  from  complement-positive. 

(See  page  24.) 
Complement-poBltlves  fed  cabbage  for  G7  days.     (See  page  15.) 


From  top  to  bottom:  Survlvore  (June  24)  of  11  positives.  Inoculated  June  10 

SuFTlTors  (June  21)  of  14  deficients.  Inoculated  June  10. 

Sm'Tlvore  (June  24)  ot  20  positives,  Inoculated  June  II. 
(See  pages  21-23,)      Survivors  (June  24)  at  20  deficients.  Inoculated  June  11 

Twenty  positives.  Inoculated  June  11.  photosraphed 
June  14; 

Twenty   deficients,   inoculated   June    11.    photographeil 


Above,  complement-positives;   below,  comple men t-defl cleats. 


From  top  to  bottom:     16  poeltlves,  inoculated  June  22,  photographed  June  24; 

16  deflcienCe,  inoculated  June  22,  photographed  June  24; 
(See  pages  21-23,)         16  posltlvee,  inoculated  July  4,  photographed  July  6; 

16  deflcientB.  Inoculated  July  i,  photographed  July  6. 
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of  hemolysis  in  0.04  c.  c.  of  their  whole  serum  and  all  showed  more 
or  less  lack  of  complement  in  0.3  c.  c.  whole  serum  when  titrated  with 
a  horse  hemolytic  system.  The  unfailing  certainty  with  which  this 
new  strain  of  cavies  transmits  absence  of  complement  in  amounts  of 
serum  ordinarily  used  in  complement  titrations  seems  to  prove  beyond 
a  shadow  of  doubt  the  homozygosity  of  its  genetic  constitution. 

The  complement  titre  of  the  serum  furnished  by  the  diflferent 
complement-deficient  animals  produced  from  the  matings  employed 
varied  from  less  than  0.3  c.  c.  to  2  c.  c.  Prior  to  1915,  0.3  c.  c.  was 
the  largest  amount  of  serum  regularly  employed  in  connection  with 
the  tests  for  complement,  but  in  1915  alec,  tube  was  added  and 
amounts  up  to  2  c.  c.  have  been  used  in  some  cases,  although  0.3  c.  c. 
was  the  largest  amount  employed  in  the  first  test  which  was  invariably 
made  when  the  animal  was  but  a  few  days  old.  The  serum  obtained 
from  about  5  percent  of  the  animals  subjected  to  this  more  rigid  test 
in  1915-16  showed  no  complement  activity  in  amounts  up  to  and 
including  1  c.  c.  whole  serum;  that  furnished  by  about  12  percent 
caused  partial  hemolysis  in  the  1  c.  c.  tube;  and  that  supplied  by  18 
percent  produced  partial  hemolysis  in  the  0.3  c.  c.  tube. 

This  wide  range  of  variation  suggested  the  possible  involvement 
of  more  than  one  hereditary  factor,  yet  on  the  other  hand  the  ratio 
of  high  to  low  complement  obtained  seemed  to  indicate  that  only  a 
single  factor  was  concerned  in  its  production.  In  order  to  settle  this 
point,  if  possible,  all  of  the  available  complement-deficient  females 
were  segregated  into  four  groups  according  to  the  apparent  extent 
of  deficiency  of  complement  in  their  serum.  Matings  within  each  group 
were  made  with  males  of  their  own  kind  respecting  the  extent  of  com- 
plement deficiency.  Group  1  contained  all  those  whose  serum  gave 
a  complement  titre  of  1  c.  c.  and  over ;  group  2  contained  those  1  c.  c. 
of  whose  serum  caused  partial  hemolysis ;  group  3  contained  all  those 
females  furnishing  0.3  c.  c.  complement-negative  serum,  1  c.  c.  of 
which  produced  complete  hemolysis;  and  group  4  contained  those  0.3 
c.  c.  of  whose  serum  produced  partial  hemolysis.  Two  generations 
of  offspring,  secured  while  these  groupings  and  selective  matings  were 
maintained,  failed  to  show  any  tendency  whatsoever  to  transmit  the 
complement  titre  of  the  parents.  In  fact,  the  largest  proportion  of 
1  c.  c.  complement-deficient  oflfspring  was  obtained  in  group  4. 

Notwithstanding  the  negative  result  of  this  trial,  which  seemed 
to  eliminate  the  possibility  of  there  being  more  than  one  factor  involved 
in  the  whole  range  of  variation,  the  exclusive  use  of  1  c.  c.  complement- 
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negative  sires  throughout  the  remainder  of  the  breeding  experiment 
seemed  to  produce  a  profound  effect  in  the  direction  of  increasing 
the  average  measure  of  complement  deficiency.  During  this  latter 
period  of  breeding  over  30  percent  of  the  low  complement  offspring 
secured  furnished  1  c.  c.  complement-deficient  serum  as  compared 
with  5  percent  obtained  during  1915-16  and  less  than  10  percent  of 
the  sera  furnished  by  the  balance  produced  any  hemolysis  in  the  0.3 
c.  c.  tube. 

Table  III  sets  forth  the  results  of  a  rough  titration  of  the  sera 
of  the  breeding  females  used  in  1916;  table  IV  of  the  sera  of  the 
males  used  in  1916;  and  table  V  the  results  secured  in  sera  titration^ 
50  animals  being  selected  at  random  in  1919. 

TABLE  ni 

Complement  titrations  of  the  sera  of  breeding  females  used  in  1916 

117  animals 

0.04  c.  c.  Uniformly  — 
0.3  c.  c.  Uniformly  — 
1      c.  c.    As  stated  below 

4-4-     Nos.  1-3,  5-7,  9-14,  16-21,  24-32,  34,  36.  37-39,  41-47,  49,  61-53.  56-67.  6»-68. 

66-71,  73-76,  78-83,  86-102,  104-111,  113,  114.  116.  117  Total  98 

4-     Nob.  4,  16,  23,  36,  40,  48,  50,  54.  64,  77.  112,  115  Total  12 

—    Nos.  8,  22,  33,  68,  72,  84.  103  Total     7 


4-+ 

4- 


TABLE  IV 

Complement  titrations  of  the  sera  of  sires  used  In  1916 

16  animals 

0.04  c.  c.  Uniformly  — 
0.3  c.  c.  Uniformly  — 
1      c.  c.    As  stated  below 

Nos.  2.  7,  13,  15 

Nos.  6,  10 

Nos.  1.  3.  4,  6,  8,  9.  11.  12.  14.  16 


ToUl  4 
Total  2 
Total  10 


TABLE  y 

Complement  titrations  of  the  sera  of  recessive  offspring  produced  in  1919 

60  animals 

0.04  c.  c.    Uniformly  — 

0.3    c.  c.    Nos.  11  and  30  4- ;  remainder  uniformly  — 

1      c.  c.    As  stated  below 


4-4-    Nos.  11.  17.  18,  24.  30.  39,  60 

H —    Nos.  3,  4,  7,  9,  10,  12,  15,  22,  25-27.  34,  36,  37,  38,  40,  41. 
44,  46.  47 

—  Nos.  1,  2.  6.  8.  13,  14.  16.  19-21.  23.  28.  29.  31-33.  86.  42. 

43.  46.  48,  49 
No.  6 

—  No  hemolysis  in  1  c.  c.  clear  serum 

4-    Partial  hemolysis  in  1  c.  c.  clear  serum 
4-4-    Complete  hemolysis  in  1  c.  c.  clear  serum 
H —    Trace  of  hemolysis  in  1  c.  c.  clear  serum 


ToUl    7 


Total  22 
Total    1 
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It  is  interesting  to  note  that  Schlesinger,^  in  discussing  discrepan- 
cies in  Wassermann  determinations,  states  that  he  has  ''found  that  it 
is  the  complement  that  varies";  that  "the  complement  value  of  the 
guinea  pig  serum  calls  for  attention" ;  that  "in  guinea  pigs  fed  exclu- 
sively on  cabbage  leaves,  the  serum  has  little  or  no  complement  value 
(whereas)  when  oats  are  fed  the  complement  value  is  raised  materially 
sometimes  to  the  extent  of  four  or  five  times."  The  chances  are  that 
Schlesinger  actually  had  complement-deficient  pigs  and  did  not  know 
it.  His  contention  that  diet  was  responsible  for  the  variations  in  titre 
is  abundantly  disproved  by  the  following  experience  at  this  Station. 

Ten  complement-positive  pigs  with  closely  comparable  comple- 
ment titres  were  selected  at  random  and  during  two  weeks  gradually 
changed  from  a  cut  hay,  sliced  vegetable  (carrot,  beet,  cabbage,  turnip) 
and  grain  (oats  and  cracked  com)  diet  to  an  exclusive  cabbage  diet 
on  which  they  were  held  for  67  days.  They  were  then  allowed  to  eat 
all  the  oats  they  would  consume  for  30  days.  The  titrations  at  the  be- 
ginning of  the  trial,  at  the  close  of  the  cabbage  feeding  period  and  at 
the  close  of  the  oat  feeding  period  were  essentially  unchanged.  This 
observation  was  confirmed  by  the  results  secured  at  this  Station  with  a 
great  variety  of  feeds  given  to  many  hundreds  of  pigs  during  several 
years.  In  no  case  whatsoever  was  any  evidence  secured  to  indicate 
that  changes  in  feeding  affected  the  complement  titre. 

In  this  connection  it  may  be  noted  that  neither  castration  nor 
pregnancy  aflFected  the  complement  contents  of  the  serum  of  either 
complement-positive  or  complement-deficient  pigs,  but  that  frequent 
and  copious  bleeding  tended  to  reduce  the  titre  from  one-third  to  one- 
half. 

In  the  course  of  these  trials  many  different  glands,  divers  organs, 
viscera,  etc.,  were  macerated  and  the  extracts  titrated  with  a  view  of 
determining  the  presence  or  absence  of  complement.  It  was  never 
discovered  outside  of  the  blood  serum. 

Nature  of  the  .Hereditary  Factor 

While  the  measure  of  deficiency  of  complement  found  in  the  low 
complement  cavies  seems  to  fulfill  the  requirements  of  a  simple  Mende- 
lian  character  conditioned  upon  a  single  hereditary  factor,  it  seems 
possible  by  invoking  the  aid  of  the  factor  hypothesis  also  to  explain 
the  presence  of  some  complement  in  their  serum  evidenced  when  suffi- 


1  Med.  Red.,  Jan.  9,  1915,  pp.  61  ff. 
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ciently  large  amounts  of  the  latter  are  used  for  the  complement  test 
and  especially  when  the  more  sensitive  human  haemolytic  system  is 
employed.  In  fact,  the  factor  hypothesis  oflfers  two  different  expla- 
nations : 

1.  By  assuming  that  the  deficiency  is  due  to  the  loss,  by  mutation, 
of  an  intensifying  factor,  the  function  of  which  is  to  modify  the  com- 
plement factor  in  the  direction  of  increased  production  of  complement. 

2.  By  assuming  that  the  full  measure  of  complement  is  condi- 
tioned upon  the  combined  action  of  two  identical  hereditary  factors  and 
that  the  mutation  involved  the  loss  of  one  of  these  duplicate  genes 
without  disturbing  the  other. 

It  would  be  necessary  to  find  a  complement-deficient  animal,  that 
is  to  say  one  in  whose  serum  no  evidence  of  complement  could  be 
demonstrated  with  any  haemolytic  system  or  by  using  any  amount  of 
serum,  to  enable  a  determination  as  to  which  of  these  factor  combina- 
tions obtained.  If  on  mating  such  an  individual  with  a  homozygous 
high  complement  animal,  high  complement  hybrids  should  be  obtained, 
and  if  on  mating  the  latter  together  a  mixed  progeny  comprising  high, 
low  and  deficient  complements  in  the  proportion  of  11-4-1  should 
result,  then  it  would  appear  certain  that  two  identical  complement 
factors  conditioned  the  full  measure  of  complement.  (Second  case 
cited  on  page  17.) 

On  the  other  hand,  if  conditioned  by  a  complement  and  an  inten- 
sifying factor,  the  result  of  mating  the  extremes  together  would  de- 
pend upon  whether  the  needed  complement  deficient,  when  found,  had 
or  did  not  have  the  intensifying  factor,  although  its  phenotypicaT  ex- 
pression would  be  the  same  in  both  cases,  since  the  absence  of  comple- 
ment factor  and,  therefore,  complement,  would  render  the  intensifying 
factor  functionally  helpless.  These  results  and  the  method  of  deter- 
mining the  same  are  illustrated  on  the  opposite  page,  by  referring  to 
which  it  may  be  seen  that  in  case  the  C  deficient  mutant  had  possessed 
the  intensifying  factor,  the  Fg  generation  of  the  full  complement  defi- 
cient cross  should  give  high  complement  and  complement-deficient  off- 
spring in  the  ratio  of  3 : 1.     (Third  case  cited  on  page  17.) 

If,  however,  the  complement-deficient  mutant  did  not  possess  either 
the  intensifying  or  the  complement  factor,  then  the  Fj  generation 
should  comprise  three  phenotypes,  namely,  high  complement,  low  com- 
plement and  no  complement  in  the  ratio  of  9-3-4.  Since  the  latter 
case  would  involve  a  double  mutation,  it  would  be  far  less  likely  to 
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occur  than  the  loss  of  the  complement  factor  and  retention  of  the 
supplementary  factor.     (First  case  cited  on  page  17.) 
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It  seems  fair  to  say  that  the  genetic  studies,  the  results  of  which 
are  reported  on  the  preceding  pages,  indicate : 

1.  That  complement  is  not  a  universal  blood  factor. 

2.  That  there  are  guinea  pigs  in  whose  blood  stream  no  trace 
whatsoever  of  complement  was  demonstrable  in  the  amounts  of  serum 
normally  used  for  titration  purposes. 

3.  That  in  view  of  this  fact  it  is  unsafe  to  assume  the  existence 
of  complement  in  any  laboratory  animal  whatsoever,  but  that,  on  the 
contrary,  each  such  animal  should  be  tested  for  its  complement  content. 
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4.  That  the  character  known  as  complement  is  apparently  con- 
trollable by  selective  mating  in  connection  with  hereditary  variation. 

5.  That  entire  conformity  to  Mendel's  law  was  displayed  in  re- 
spect to  the  complement  character  of  the  strains  of  guinea  pigs  used 
during  these  trials. 

6.  That  complement  is  unaflFected  by  dietary  change,  castration 
or  pregnancy. 

The  Relation  of  Complement  to  Opsonins 

There  are  certain  substances  in  the  blood,  called  opsonins  (Greek 
o/3907rct7r,  to  prepare  a  meal),  the  apparent  function  of  which  is  so 
to  act  upon  bacteria  or  other  foreign  organic  material  as  to  prepare 
them  for  more  ready  ingestion  by  the  white  blood  corpuscles  or  poly- 
morphonuclear nutrophil  leukocytes.  Their  source  is  unknown.  Two 
kinds  are  recognized,  normal  and  acquired. 

The  opsonic  index  (O.  I.)  represents  the  ratio  of  the  number  of 
bacteria  ingested  by  a  given  number  of  such  leukocytes  in  the  presence 
of  a  given  patient's  serum  (X's  L.  I.)  to  the  number  ingested  by  the 
same  number  of  leukocytes  in  the  presence  of  normal  serum  (C.  L.  I.). 
Stated  in  mathematical  terms,  with  X  the  patient  and  C  the  control, 

we  have:  ^  ^       ^  =  O  I. 

The  determination  of  the  opsonic  index  is  somewhat  time-con- 
suming, necessitates  much  care  and  exactitude,  calls  for  special  train- 
ing, involves  a  somewhat  complicated  technic  and  is  usually  confined 
to  the  research  laboratory.  The  information  it  supplies  has  significance 
to  the  clinical  diagnostician  and  the  practitioner  in  respect  to  immunity 
and  disease  resistance. 

Several  months  of  rigid  preparation  in  acquiring  the  technic  of 
opsonic  index  determination  preceded  the  initiation  of  the  work  herein 
reported,  following  which  27  such  tests  were  made,  the  complement- 
positive  sera  being  used  as  norms,  the  complement-deficient  sera  as 
abnorms.  At  the  time  of  each  index  determination  control  titrations  of 
the  two  serums  were  made,  the  horse  hemolytic  system  being  used,  with 
strictly  uniform  results  each  time,  namely,  no  hemolysis  with  0.04, 
0.3  or  1  c.  c.  of  serum  in  the  complement-deficient ;  no  hemolysis  with 
0.02,  partial  hemolysis  with  0.04  and  complete  hemolysis  with  0.06 
to  0.1  c.  c.  of  serum  in  the  complement-positive  serums.  The  counts 
were  made  during  February,  March  and  April,  1919.  Two  counts  were 
checked  by  Dr.  E.  H.  Buttles,  Professor  of  Pathology  and  Bacteri- 
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ology  in  the  College  of  Medicine,  and  one  by  the  Station  Plant  Pathol- 
ogist, with  results  essentially  identical  with  those  obtained  by  the 
usual  operator.  In  most  cases,  in  order  that  no  personal  bias  might 
enter  into  the  determination,  the  worker  had  an  associate  so  manipu- 
late the  tubes  that  he  himself  did  not  know  which  he  was  working 
with  at  any  given  time. 

The  final  results  follow,  indicating  in  each  case  the  number  of 
bacteria  ingested  by  100  or  by  50  leukocytes. 
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It  will  be  observed  that  in  every  case  the  leukocytes  in  the  pres- 
ence of  the  complement-positive  serum  displayed  a  more  active  phago- 
cytosis than  did  those  working  in  the  presence  of  the  complement- 
deficient  serum.  There  was  no  exception  in  any  one  of  the  27  com- 
parative determinations.  The  index  figure  fluctuated,  being  sometimes 
relatively  high  and  sometimes  relatively  low,  extremes  being  .2813 
and  .7461,  but  the  results  were  always  in  one  direction,  the  average 
being  .4969.    The  opsonic  index  of  the  sera  of  the  complement-de- 


*Check  on  No.  5  by  Dr.  Buttles;  tCheck  on  No.  10  by  Dr.  Buttlea;  tCheck 
on  No.  17  by  Station  Plant  PathologijBt. 
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ficient  pigs  was  one-half  that  of  the  sera  of  the  complement-positive 
pigs.  Minor  variations  were  made  in  the  technic  from  time  to  time, 
as  suggested  by  experience,  always  with  a  view  of  giving  the  "under 
dog/'  so  to  speak,  every  possible  chance,  but  without  changing  the 
trend  of  the  results.  In  view  of  the  decided  pathogenicity  of  B,  typho- 
sis  and  of  Staphylococcus  aureus,  it  would  seem  that  this  line  of  ex- 
perimentation served  to  confirm  the  results  secured  with  direct  in- 
fection. 

The  opsonic  determinations  just  cited,  using  the  serum  of  immu- 
nized animals,  showed  a  50  percent  deficiency  of  natural  opsonins.  This 
seemed  to  explain  the  relative  lack  of  resistance  to  initial  exposure  to 
infection  exhibited  by  the  low  complement  animals.  It  is,  of  course, 
well  understood  that  the  bactericidal  action  of  complement  does  not 
become  available  until  the  sensitizing  antibodies  have  been  developed 
in  the  blood. 

It  seemed  desirable  at  this  point  to  attempt  to  determine  whether 
there  might  not  be  developed,  through  immunization,  a  supply  of  ac- 
quired opsonins.  Consequently,  suspensions  of  Staphylococcus  aureus 
were  thrown  into  the  blood  streams  of  30  complement-positive  and  30 
complement-deficient  pigs  at  weekly  intervals  for  a  month.  There  then 
were  introduced  living  cultures  of  the  same  organism.  Seventeen  dif- 
ferent comparative  counts  were  made  at  varying  dates,  shortly  follow- 
ing the  last  injection  with  results  as  follows : 
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The  results  of  this  trial  seem  to  indicate  that  immunization  of  the 
complement-deficient  animals  caused  the  development  of  acquired  op- 
sonins, capable  of  bringing  the  phagocytic  index  up  to  the  level  of  that 
of  the  complement-positive  pigs,  in  so  far  as  the  particular  organism 
used  is  concerned.  The  figures  were  practically  identical.  Comple- 
ment was  not  increased ;  hence  apparently  bacteriolytic  immunity  must 
have  been  limited  by  the  deficiency  of  complement,  even  though  the 
organisms  were  sensitized  by  antibodies  in  preparation  for  complement 
action. 

The  Susceptibility  to  Disease  of  Complement-Deficient  Pigs 
The  striking  deficiency  in  complement  found  in  the  Middlesex 
strain  of  guinea  pigs  naturally  suggested  the  study  of  the  relative 
disease  resistance  offered  by  that  strain  as  compared  with  that  of  com- 
plement-normal pigs.  The  following  trials  are  typical  of  several  car- 
ried on  during  the  course  of  the  study. 

1.  In  1917-18  a  considerable  infection  occurred  in  the  breeding 
pens  as  is  set  forth  on  page  10.  Two  organisms,  a  bacillus  and  a 
coccus,  isolated  from  the  lungs  of  diseased  pigs,  seemed  likely  to  be 
at  fault.  The  former  was  found,  following  inoculation,  to  be  highly 
pathogenic,  killing  in  some  cases  within  5  hours  of  injection.  One 
hundred  percent  lethality  within  48  hours  occurred  when  10  pigs  were 
injected  with  the  bacillus,  whereas  only  40  percent  followed  injection 
with  the  coccus.  The  morphological,  cultural  and  bio-chemical  char- 
acteristics of  the  bacillus  were  determined.  It  was  found  to  belong 
to  the  colon  typhoid  group.  No  known  organism  was  found  in  Ches- 
ter's manual  with  which  it  exactly  corresponds. 

The  next  month  40  pigs  were  inoculated,  20  of  each  group,  t.  e,, 
complement-deficient  and  complement-positive,  10  of  each  receiving 
Ys  slope  each  of  the  killed  bacilli  and  10  of  each  }i  slope  each  of  the 
killed  cocci,  the  inoculations  being  intraperitoneal.  Three  more  and 
increasing  doses  were  given  each  pig  at  weekly  intervals,  the  last  in 
each  case  representing  a  J4  agar  culture  slope.  One  week  after  the 
last  dosage — four  weeks  after  the  initial  treatment — each  pig  was 
bled  and  its  serum  tested  for  bacteriolytic  antibodies,  each  antigen,  for 
bacillus  and  coccus,  having  been  previously  tested  and  standardized. 
Five  tubes  were  used  for  each  serum,  the  amounts  used  being  0.01, 
0.03,  0.05  and  0.1  c.  c.  of  inactivated  (56**,  30  min.)  serum.  The  fifth 
tube  contained  all  the  necessary  factors  except  the  antigen.  The  serum 
of  every  pig,  whether  complement-deficient  or  complement-positive, 
showed  the  presence  of  bacteriolytic  antibodies  in  0.01  c.  c. 
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Clearly  the  deficiency  of  complement  in  nowise  inhibited  the  pro- 
duction of  antibodies,  the  serviceability  of  which  theoretically  is  de- 
pendant upon  the  presence  of  complement. 

Immediately  thereafter  agglutination  tests  were  made  with  the 
serimi  of  all  these  40  pigs.  The  results  were  dear  with  the  bacillus, 
decided  reactions  being  secured  in  dilutions  up  to  1  to  1,000.  With 
the  coccus,  however,  no  reaction  was  secured  in  greater  dilution  than 
1  to  50.  Obviously  the  lack  of  complement  did  not  interfere  with  the 
production  of  agglutinating  antibodies. 

The  next  day  the  40  pigs  were  inoculated  each  with  a  small  dose 
(1/10  of  a  24-hour  agar  slant)  of  the  living  organisms.  One  com- 
plement-positive pig  inoculated  with  the  bacillus  died.  Two  weeks 
later  the  39  were  inoculated  with  J4  slope  of  living  bacilli  and  %  slope 
of  living  cocci.  Three  complement-deficient  and  four  complement- 
positive  pigs  died.  This  result  was  abundantly  confirmed  by  further 
trials.  Qearly  complement-deficiency  did  not  interfere  with  immunity 
acquired  through  systematic  immunization. 

Finally,  these  pigs  were  bled  and  their  sera  titrated  for  comple- 
ment. No  hemolysis  whatsoever  occurred  in  1  c.  c.  of  any  serum  de- 
rived from  the  complement-deficient  pigs.  The  sera  of  all  the  com- 
plement-positive pigs  in  every  respect  proved  normal,  hemolysis  oc- 
curring readily. 

Apparently  complement  is  not  increased  during  the  period  of 
artificial  immunization,  and  pigs  deficient  therein  can  not  make  good 
that  deficiency  by  means  of  systematic  immunization. 

2.  Twenty-eight  pigs,  half  of  them  complement-deficient  and  half 
complement-positive,  were  inoculated  each  with  a  1/15,  36-hour  slope 
of  living  B.  cholerae  suis.  Within  48  hours,  12  of  the  former  lot  and 
two  of  the  latter  were  dead.  At  intervals,  40,  32,  32  and  68  others 
were  similarly  treated.  The  results  appear  in  the  subjoined  table, 
the  deaths  all  occurring  within  48  hours.  The  plates  opposite  pages 
16  and  17  are  illustrative  of  these  trials. 
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It  seems  reasonable  to  assume  that  the  deficiency  of  complement 
was  a  factor  in  the  increased  death  rate. 

The  complement-deficient  animals  were  veritable  cosset  pigs.  They 
were  weaklings,  it  was  hard  to  raise  them.  In  order  that  there  might 
be  the  greater  likelihood  of  maintaining  the  strain,  it  was  in  part 
boarded  out  among  people  skilled  in  the  business.  No  less  than  four 
different  parties  had  the  pigs,  were  carefully  instructed  how  to  handle 
them,  especially  in  respect  to  feeding,  and  every  last  pig  died — whereas 
their  complement-positive  mates  flourished.  On  several  occasions,  a 
change  of  feed,  feeders  or  feeding  methods  in  our  own  hands  wrought 
mischief.  And,  finally,  when  they  were  shipped  away  for  experi- 
mental use  at  Johns  Hopkins  and  at  points  in  Ohio  and  Oklahoma, 
although  standing  transportation  well,  all  eventually  died.  All  of  which 
is  corroborative  evidence. 

Attempts  Artificially  to  Induce  Complement  Production  in 

Complement-Deficient  Guinea  Pigs 

Unsuccessful  attempts  were  made  by  the  introduction  of  fresh 
active  complement  from  a  positive  individual  into  the  vascular  system 
of  a  deficient  of  the  same  species  with  a  view  of  inducing  or  stimulat- 
ing its  production  in  the  blood  stream.  The  following  cases  are  typical 
of  the  studies  made  along  this  line : 

1.  A  positive  pig  (titration  relatively  high,  0.04)  was  etherized, 
bled,  the  blood  centrifuged  and  4  c.  c.  serum  secured,  which  was  placed 
at  body  temperature  in  an  incubator.  A  strong  complement-deficient 
pig  was  similarly  bled,  the  syringe  detached,  the  needle  remaining  in 
place,  through  which  the  warm  sterile  complement-positive  serum  was 
slowly  and  cautiously  syringed  into  the  throbbing  heart.  All  pro- 
cedures were  carried  out  with  extreme  precaution  against  infection. 
The  pig  seemed  to  be  fully  recovered  the  next  day.  He  was  bled  50 
hours  later  and  repeatedly  bled  at  3-day  intervals  for  some  weeks, 
but  no  complement  was  found  in  the  serum.  He  was  in  excellent 
condition  four  weeks  after  treatment. 

A  positive  pig  (titration  0.04)  was  bled  freely,  the  blood  thor- 
oughly defibrinated  with  glass  beads,  filtered  through  sterile  gauze  and 
the  filtrate  placed  at  body  temperature  in  an  incubator.  A  strong 
complement-deficient  pig  was  similarly  bled  under  full  surgical  anes- 
thesia, the  syringe  detached,  the  needle  remaining  in  place,  through 
which  the  warm  sterile  complement-positive  defibrinated  blood  was 
very  slowly  and  cautiously  s)rringed  into  the  throbbing  heart     All 
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procedures  were  carried  out  under  extreme  precautions  against  infec- 
tion and  normal  saline  solution  used  in  rinsing  all  vessels  in  order  to 
prevent  blood  cell  disintqjation. 

The  pig  trembled  violently  and  for  several  hours  displayed  evi- 
dences of  serious  disturbance  of  the  vital  centers,  but,  being  kept  under 
optimum  conditions,  apparently  recovered  within  24  hours.  Thirty- 
five  hours  after  the  operation  and  every  other  day  for  some  weeks  he 
was  bled  but  no  complement  whatsoever  was  found  in  die  serum.  He 
was  in  excellent  condition  three  weeks  after  treatment. 

It  seems  quite  clear  that  complement  introduced  into  the  blood 
stream  of  complement-deficient  pigs  is  quickly  and  completely  dis- 
sipated.    (See  plates  opposite  pages  16  and  17). 


Since  this  strain  of  guinea  pigs — ^and  quite  possibly  Schlesinger's 
(see  p.  15) — ^were  very  deficient  in  ccxnplement,  and  since  guinea 
pigs  are  usually  conceded  to  be  among  animals  the  great  complement 
producers,  it  seems  fair  to  infer  that  this  omission  may  occur,  and 
perhaps  not  uncommonly,  among  other  species.  One  may,  indeed, 
conjecture  whether  or  not  therein  may  lie,  at  least  in  some  measure, 
the  explanation  of  varying  susceptibility  to  infection  as  between  in- 
dividuals. In  any  event,  the  possession  of  relatively  high  complement 
strains  as  well  as  strains  deficient  in  complement  enables  selective 
breeding  and  increases  the  possibilities  of  research  along  lines  of 
immunity  and  disease  resistance. 
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I.     STUDIES  AT  THE  VERMONT  STATION 

The  Vermont  Station  began  its  abortion  studies  20  or  more  years 
ago.  Its  resources  have  always  been  limited,  its  buildings  and  other 
equipment  meagre,  its  activities  circumscribed,  the  amount  of  money 
which  could  be  allotted  to  this  work  small.  Furthermore,  the  writer's 
time  and  energies  have  been  largely  employed  in  teaching.  Interrup- 
tions have  been  frequent  and  discouragements  many.  Circumstances 
have  compelled  the  abandonment  of  the  uncompleted  project.  Such 
results  as  have  been  secured  are  summarized  herewith. 

The  causal  organism,  the  abortion  bacillus  of  Bang,  was  repeatetily 
isolated  from  material  secured  from  many  herds.  It  was  identified 
early  in  the  1900*s.  It  was  found  in  the  uterus,  uterine  contents,  fietus, 
etc.  At  no  time  was  evidence  secured  to  indicate  that  anv  other  or- 
ganism  factored,  although  no  special  study  of  this  phase  of  the  subject 
was  attempted. 

Methylene  Blue  (four  herds) 

Some  10  years  ago  bulletin  174  was  issued,  entitled,  "Methylene 
Blue,  a  Remedy  for  Infectious  Abortion."  It  was  a  preliminary,  as 
viewed  in  the  retrospect  doubtless  a  premature,  ])ublication.  It  set 
forth  the  results  of  certain  then  incomplete  and  preliminary  trials  in 
which  methylene  blue  was  used  as  a  remedial  agent.     It  stated : 

1.  That  a  1 : 4,000  solution  destroyed  the  organism  in  from  four 
to  eight  minutes  and  a  1 : 6,000  to  1 :  10,000  solution  in  from  one  to 
three  hours. 

2.  That  when  fed  twice  daily  in  %-^/^  ounce  doses  for  some 
weeks,  little  or  no  abortion  had  occurred  in  four  herds  in  which  the 
disease  had  been  prevalent  immediately  preceding  the  inception  of  the 
treatment,  38  abortions  having  taken  place  within  a  few  months. 

3.  That  92  cows  in  these  four  herds,  all  reacting  to  the  agglutina- 
tion  test,  were  thus  treated  and  that  at  the  time  of  publication,  56  had 
calved,  one  had  aborted  and  35  were  still  with  calf.* 

4.  That  no  controls  were  employed,  the  herd  owners  not  permit- 
ting such  procedure. 

These  striking  results  have  not  been  confirmed  by  further  work 
either  here  or  elsewhere.  Strains  of  the  organism  very  much  more 
resistant  to  methylene  blue  than  that  with  which  the  writer  was 
working  in  1912  have  been  tested,  strains  w^hich,  according  to  Hadley. 


'  Five  of  the  ^.'i  Kub.se(juently  aborted  ;  final  iiercentaRe  of  abortion  6.5. 
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resisted  a  1 :4,{XX)  solution  for  three  days  instead  of  four  minutes. 
Furthermore,  as  is  set  forth  on  pages  5  to  8,  while  cows  to  which  methyl- 
ene blue  was  fed  in  trials  at  this  Station  carried  on  subsequent  to  the 
issuance  of  bulletin  174,  aborted  much  less  frequently  than  did  control 
cows  not  thus  treated  in  the  same  herds,  the  proportion  of  losses  was 
somewhat  larger  than  that  indicated  in  the  preliminary  bulletin. 

It  is  not  clear  just  why  the  initial  results  were  so  striking,  all  but 
one  of  the  abortions  occurring  late  in  the  series.  It  is  difficult  to 
believe  that  immunity  was  suddenly  acquired  in  four  different  herds, 
all  of  them  infected  and  all  of  them  rife  with  abortion  during  the 
months  immediately  preceding.  Yet  the  results  are  as  stated — whatever 
the  cause.  However,  the  outbreak  of  the  World  War  the  next  summer 
sent  the  price  of  medicinal  methylene  blue  skyrocketing  from  $2.50 
to  $80  a  pound  and  its  use  became  prohibitive  on  that  account,  even 
were  it  effective. 

Methylene  Blue;  Cresol  (thirty-one  herds) 

Following  the  issuance  of  bulletin  174  attempts  were  made  from 
1913  to  1918  to  gain  access  to  herds  all  over  the  State  in  which  abor- 
tion occurred.  Tests  by  the  complement  fixation  method  were  made 
in  several  score  of  herds,  usually  with  the  tacit  understanding  that 
treatment  would  follow;  but  in  a  very  large  share  of  cases  for  one 
reason  and  another  this  proved  impracticable.  When  methylene  blue 
was  employed  its  intense  coloring  effect  served  to  advertise  the  presence 
of  the  malady  and  to  deter  buyers.  Furthermore,  many  owners  would 
not  permit  "controls."  "Treat  all  or  none"  was  their  fiat.  Indeed, 
in  the  31  herds  to  which  access  was  allowed  and  in  which  the  use  of 
controls  was  permitted,  it  was  as  a  rule  most  difficult  to  secure  consent. 
Frequently  a  counter-fiat  had  to  be  issued — ^"treat  some  or  none." 
The  writer  regrets  that  no  treatment  seemed  practicable  in  20  herds 
aggregating  about  500  cows,  in  which  the  preliminary  complement 
fixation  tests  were  made,  indicating  50  percent  reaction. 

Tests  were  made  of  some  2,400  animals,  almost  exactly  half  of 
which — 1,176  to  be  exact — became  available  for  use,  431  of  them  being 
non-reactors  and  745  reactors.  Had  the  others  been  used,  the  num- 
ber of  reactors  would  have  approximated  1,000.  Several  complement 
fixation  tests  were  made  for  veterinarians,  for  county  agents  and  others 
and  a  few  samples  were  received  in  bad  condition. 
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The  following  table  sets  forth  the  results  of  treatment  made  in  31 
different  herds.  The  results  are  segregated  on  the  .01,  .02,  .04  com- 
plement fixation  test  basis — not  that  that  means  very  much. 

The  methods  of  treatment  were  as  follows : 

Methylene  blue  was  given  when  cows  were  known  to  be  pregnant, 
but  only  to  a  few  milkers  at  one  time  in  order  to  avoid  coloring  the 
milk  and  other  dairy  products.  About  %  ounce  was  given  daily  on 
silage  or  grain,  for  three  or  four  weeks.  After  an  interval  of  a  month 
or  more  another  three- weeks  period  of  treatment  was  often  given. 
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The  cresol-molasses  mixture  was  given  for  about  three  weeks  only 
to  pregnant  cows,  in  amounts  varying  from  2  to  4  ounces,  morning  and 
night  on  silage  or  grain.  After  an  interval  of  one  or  two  months  they 
were  frequently  subjected  to  another  three-weeks  period  of  treatment. 
Cows  usually  object  to  the  mixture  at  first,  but  after  two  or  three  days 
take  it  under  protest  as  evidenced  by  more  or  less  rooting  about  the 
doctored  feed  and  blowing  the  nose. 

Herds  I  to  XVIII,  inclusive,  were  treated  with  methylene  blue; 
herds  XX  to  XXXI,  inclusive,  with  cresol;  herd  XIX  with  both. 
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It  will  be  noted : 

1.  That  there  were  1,176  cows  in  31  herds  subjected  to  the  com- 
plement fixation  test. 

2.  That  431  of  these  cows  did  not  react  and  745  reacted  (%  non- 
reactors,  %  reactors). 

3.  That  of  the  745  reactors  194,  for  one  reason  and  another, 
were  "duds."  Sales,  sterility  and  **kept  farrow"  accounted  for  %o  of 
these  failures. 

4.  That  551  records  are  available. 

5.  That  of  the  551  cows  located  in  31  herds,  353  were  treated  and 
198  left  untreated  as  controls  (%  treated,  •%  controls) ;  and  that  with 
two  exceptions,  located  in  a  herd  tested  five  times  and  covering  only 
1 1  cows,  controls  were  always  used. 

6.  That  39  percent  of  the  controls  and  15  percent  of  the  treated 
cows  aborted;  that  the  records  in  the  31  herds  were: 

Methylene 
Total  blue         Creaol 

Larger  proportion  of  abortion  among  controls  than 

among  treate<l  cows   20  14*  7* 

Larger  proportion  of  abortion  among  treated  cows 

than  among  controls  2             0  2 

Same  proportion  In  each  lot 2             1  1 

No  abortions  In  either  lot 7             4  3 

It  does  not  appear  that  the  use  of  either  methylene  blue  or  cresol 
will  inhibit  all  cases  of  abortion  and  no  such  claim  is  made  or  implied. 
It  does  not  even  seem  certain  that  their  use  will  tend  in  that  direction. 
But  it  does  seem  reasonable  to  conclude,  in  view  of  the  outcome, 
that  in  this  particular  investigation  their  use  was  followed  by  a  some- 
what lowered  percentage  of  abortion.  Whether  this  "following"  was 
an  effect  produced  by,  induced  by,  consequent  upon  a  definite  cause, 
namely,  the  employment  of  methylene  blue  or  cresol  or  was  merely  a 
chance  occurence,  does  not  ajipcar;  but  the  figures  shown  above — 20 
herds  on  the  one  side  and  four  herds  on  the  other,  39  percent  abortion 
among  controls,  15  percent  abortion  among  treated  cows,  at  least 
furnish  food  for  thought. 

No  untoward  results  of  any  kind  were  observed  in  connection  with 
the  use  of  cresol.  It  is  harmless,  inexpensive,  readily  employed  and 
is  not  a  self  advertiser  as  is  methylene  blue.  Such  being  the  case,  it 
would  seem  to  be  worth  using — not  by  itself,  far  from  it — but  in  con- 
nection with  the  prophylactic  treatment  commonly  advised  and  set  forth 
on  pages  29  to  31  and  the  maternity  stable  (page  31). 

*Both  methylene  blue  and  cresol  used  in  one  herd. 
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II.     1  WENTY-EIGHT  YEARS'  EXPERIENCE  IN  THE  UNI- 
VERSITY HERD 

The  University  herd  was  established  in  1888.  It  was  destroyed 
early  in  1894,  almost  every  animal  being  tuberculous,  as  is  set  forth 
in  bulletin  42.  A  new  herd  was  purchased  during  the  spring  of  that 
year. 

For  15  years  from  1892  to  1906,  inclusive,  herd  records  were  an- 
nually published  in  the  station  reports.  The  herd  ranged  in  size  from 
17  to  74,  averaging  from  1897  to  1906,  63  in  number.  A  relatively 
large  proportion  of  the  cows  were  bought  and  relatively  few  were  raised 
during  this  decade.  Cows  were  cheap  in  those  days,  they  came  and 
went,  some  youngsters  were  raised  and  other  ones  passed  on.  Begin- 
ning in  1907,  the  prolonged  feeding  trials  were  started  upon  the  re- 
sults of  which  bulletins  225  and  226  were  constructed,  and  no  more 
herd  records  as  such  were  published. 

The  mass  of  records  kept  during  these  29  years  enable  the  pres- 
entation of  the  following  table  setting  forth  the  situation  in  respect  to 
the  prevalence  of  abortion  in  the  herd. 
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94  95  96  97  98  99  00  01  02  03  04  05  06  07  08           * 

Bettle   A  A         A    C    C    S  3/5 

Dwa   C   A    C    C    S  1/4 

Jeannie C  A         C    C    C    S  1/5 

Jessaline   C  A    C   D  1/3 

Kinkora   CABS  1/2 

Lady  LeBrooq    C   A   A   B    S  2/3 

Bffle CABS  1/2 

Flox C  A   P   D  1/2 

Clover C    C         A         C    S  1/4 

Malsle C    C    C   A    C         S  1/5 

Max  Belle CAAACCCCS  3/8 

Brownie C    C         CAS  1/4 

Ceres CACC         CCCCC  CS  1/10 

Lady  Perusia   CA         CCC         C         CS  1/7 

Jersey  Lily C    C         C    C  A    C    S  1/6 

Minta  Bella   C         CACCCCCCCS  1/10 

AUlanta    CCCCC         CAACS  2/10 

Sonoma    A         C    C    C  S             2/5 

Star  Bright CCCCAACS  2/7 

99  00  01  02  03  04  06  06  07  08  09  10  11  12  13 

Mona    CCC         ACCACCCS  2/10 

Beautina    C    C         C    C   A    S  2/6 

Ursula C    C   A    S  1/3 

AlU    CCACC          CCCCS        1/9 

Ardelle ACCC         CC  CC 

"      • ACS  2/10 

Constance    C   C  A  B    S  1/3 

Dolly  A    B    S  1/1 

Sabra    ACC  Mnt     A    C  C    S        2/6 

Serena   CCCC         AACS  1/7 

Laura   C         CABS  1/3 

Eucllna A         CCS  1/3 

Gray  Beauty CAS  1/2 

Jane    AC  Mnt      C    C  D              1/4 

Mattle A   A    C    C    S  2/4 

Mermaid    C         CCCCA         CAS  2/8 

02  03  04  05  06  07  08  09  10  11  12  13  14  15  16 

Marygold   CAS  1/2 

Myrtle C    C   A    S  1/3 

Sheila CAA    C    C    CA    C    C    C    C  S              3/11 

Yemassee  C    C    CA    C    S  1/5 

Cassandra    C    C    C   A   A   B    S  2/5 

Joanna   AS  1/1 

Mildred    CAAACCCCS  3/8 

Stella    C    C         C   A   A   D  2/5 

Valentine C    C    C   A    S  1/4 

Vt,  Aster A    C   A          C    C   A    S  3/6 

Mab CACCCCC  SS        1/8 

Perusia  Lady  CAS  1/2 

Peggy   C   A    C    C   A>  D  1/4 

Rocket    CAACCCCCAS        3/9 

Zuke    A    C   B    S  1/2 

Augusto CACCCACC    Maint 

"        t A    S  3/10 

Kate   C         CACCCCCS  1/8 

Hepsy   A    C    C    C    C    S  1/6 

Yuba CC          CC          CACCCS  1/9 

Crystal  CCCCACCCS  1/8 

Vermont  Ivis  A         C    C    C  S              1/4 

Santa  Rosa CCCC         CCCACCS  1/10 
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06  07  08  09  10  11  12  13  14  15  16  17  18  19  20 

Angle   CC         ACCCCS  i/7 

Vie C  C   A    C    C   A   D                                          V/c 

Helen  M A   B    S                                             .       ?<? 

Slicker    C  C    C   A    C   B    S                                               VA 

AltJe   C  Mnt     A    C    C         A   D                                   2/5 

Fyra C  C    C    C    C   A    C    S                                          1/7 

Zeta C    C  C    C         AD                                         V/l 

Ry?"% „  CCCCCCCCACCCC 

^ ^  1/13 

10  11  12  13  14  15  16  17  18  19  20  21  22 

Lanta  2nd  C   A    C  Maint             S                                   1  /q 

Lily  A   D                                                               \r. 

Effa  C        A    C  Malnt        S                                   1/3 

Jfn^^ C   A         A    C   A          C    S                         3/6 

Karah  AACC               ACCS              3/7 

Katydid    ACCCCC         CS                   I/7 

^""^^  V' AC         CCAC         C         C2/8 

Vermont  Dorcas   A  A    S                                             2/2 

^mma A         AS                                         2/2 

Granny ACCS                                         I/3 

^^^^ A    C  Malnt         C    C    C   A    C    S  2/7 

S«°* ACCCCCCK                    1/7 

Tops    A         AS                                          2/2 

Ulta A   D                                                      1>1 

Alice A         CCCCC         CC        1/8 

SP*:*    C         ACCAA         AS        5/8 

Wattle A         ACCCCC        2/7 

Hote    A         CCS                         1/3 

JoWn   A  AA  C    C    C    C    C    C        3/9 

Beth    A    C    C    C    S                   1/4 

^^*"^    •:• ACCCCS              1/6 

Joan  Hill A    C    C         C    C    C    S  1/6 

Laura  B C          C    C    C   A   A    C    B    S                         2/7 

Nesblt C    C    C    Maint      A         C    C         C    S        1/7 

Ruth   CAS                                    1/2 

Raymie        C   A    C    C    C         C    S        1/6 

Vermont  Monona   CAS                                   1/2 

Zoe    C   A   A    C    C    C    C    S        2/7 

?f "e  A         C    C    C    C    S  1/5 

Lin    C    C   A    C    C    C    C    C        1/8 

Carrie C   A         C         C        1/4 

Constance  2nd  AAK                   2/2 

Derby   A   C    C         C    C  1/5 

Lady  Netherland ACS                   1/2 

Laura's  Gem C  A  A    C    S             2/4 

Isadore C    C         C    C    C  Mnt      A         A    S              2/7 

Nina   C    C   A    S                         1/3 

Vermont  Muriel   C  A    C         S             1/3 

Vinegar    C    C   C    C  Mnt     A         C   D             1/6 

Ellen  A  A        2/2 

Arline A             1/1 

Cath.  Ches A        1/1 

Daisy  H A        1/1 

J?l A        1/1 

Nora A    S             1/1 

Note. — In  1907  a  cow  not  belongring  to  herd  aborted. 

>  Accidental. 

S.  sold ;  B,  barren ;  D.  died ;  K.  killed ;  P.  farrow ;  Maint  or  Mnt,  cow  kept  dry. 
being  used  in  maintenance  studlefl  (Bui.  228). 

*Thi8  fraction  indicates  the  num1[>er  of  abortions  in  total  calvlngs  including 
abortions.  Thus.  Bettie  3/5  and  Dora  1/4  means  that  Bettie  aborted  three  times 
out  of  five  and  Dora  once  In  four  times. 

tl917  and  1918;  tl921. 
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The  condensed  data  follow: 
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The  accompanying  graph  sets  forth  the  fluctuations  more  clearly 
than  does  the  tabular  statement.  However,  the  following  brief  resume 
may  also  be  of  service. 

TWENTY-KIOHT  YEARS'   EXPERIENCE   WITH   AIIORTION 


•s    te    o>    'M   M   bo   bi    M    03    ot    b«  'o*   or    «>•  ^    -fo    m    'i«    'i3    ^4     iff    k    )7    le    i9    eo  «i    ^. 


Years  at  top;  total  average  number  of  mature  cows  in  herd  for  each  year  at 
bottom;  percentage  of  total  number  aborted  at  left. 

'95.  Many  abortions  ensued — one  in  four — when  the  new  herd 
was  bought  from  several  sources. 

'96-99.  Then  followed  a  four-year  period  during  which  time  one 
cow  in  10  aborted. 

'00-'04.  Then  came  a  five-year  period  during  which  time  only 
one  cow  in  30  aborted. 
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'05-'10.  Then  ensued  a  six-year  period  during  which  one  cow  in 
six  aborted. 

'11-42.  The  fire  having  pretty  much  burned  out — looking  at  it 
one  way — during  two  years  only  one  cow  in  16  aborted. 

'13.  Then  followed  a  devastating  year  during  which  every  fourth 
cow  aborted,  i.  e.,  27  percent. 

'14.  Then  calm  succeeded  storm  and  for  a  single  year  only  one 
cow  in  14,  instead  of  one  in  four  aborted. 

'15-'18.  Then  ensued  four  devastating  years  in  succession,  during 
which  time  every  fifth  cow  aborted,  i.  e.,  22  percent. 

'19- '22.  And,  finally,  during  the  past  four  years,  only  one  cow  in 
13  has  aborted. 

During  this  long  term  of  years,  108  diflferent  cows  have  aborted, 
the  total  number  of  such  mishaps  being  158  (1.46  per  cow).  Seventy- 
one  cows  aborted  once,  26  twice,  10  thrice  and  one  no  less  than  five 
times.  On  a  percentage  basis  the  figures  were  66,  24  and  10.  One 
cow  in  three  which  aborted  orice  aborted  twice,  and  one  cow  in  three 
which  aborted  twice  aborted  thrice.  The  proportion  of  repeaters  to 
the  entire  number  did  not  change  materially  as  the  years  went  on,  the 
tendency  being  slightly  to  increase  the  proportion.  Twelve  cows,  hav- 
ing aborted  early  in  life,  thereafter  calved  normally  two  or  more  times 
and  then  again  aborted.  Two-thirds  of  these  were  located  in  the  pre- 
war period.  Twenty-two  cows  calved  successfully  four  or  more  times 
after  aborting,  18  having  aborted  once,  one  twice,  three  thrice. 

Comparatively  little  abortion  occurred  among  the  younger  mem- 
bers of  the  herd  in  its  early  days,  i.  e.,  1895-lSW,  but  much  more  since 
1904.     The  figures  are  as  follows: 


1895-1904 
1905-1922 


Two-year 
olds 

Three-year 
olds 

Mature  cows 

0 

2 

27 

22 

22 

85 

This  is  a  striking  diflFerence ;  and  "there's  a  reason."  In  the  first 
place,  the  writer  feels  uncertain  as  to  the  entire  accuracy  of  the  records 
during  the  first  decade  in  respect  to  the  abortions  of  young  animals 
entering  the  herd.  Then,  too,  relatively  few  were  raised,  only  33  being 
kept  for  more  than  a  year  after  calving  during  the  10  years.  Many 
times  this  number  were  raised  during  later  years.  Cows  were  cheap 
in  the  late  nineties  and  purchase  common.  The  situation  obtaining  in 
the  1905-1922  period,  unfortunately,  is  more  nearly  typical. 

What  relation,  if  any,  did  remedial  treatment,  barn  disinfection, 
etc.,  have  to  these  very  pronounced  fluctuations?  What  relation  did 
acquired  immunity  have  ? 
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No  definite  answer  can  be  vouchsiifed.  However,  in  a  very  gen- 
eral way  the  history  of  the  herd  can  be  set  forth  in  respect  to  attempted 
methods  of  control.  It  should  be  stated — not  in  the  least  by  way  of 
criticism  but  simply  as  a  record  of  fact — that  during  much  of  the  time 
the  writer  could  do  no  more  than  suggest.  His  suggestions  were  some- 
times heeded,  sometimes  disregarded.  Barn  hands,  careless,  ignorant, 
often  disregarded  instructions  and  in  a  few  minutes  undid  all  that 
painstakingly  had  been  done.  However,  the  writer  has  had  general 
oversight  of  the  health  and  well-being  of  the  herd  for  30  years  and 
out  of  that  experience  can  make  the  following  general  statements : 

'92-'93.  During  the  winter,  13  cows  were  in  calf  and  due  to  calve 
by  mid-spring.  On  November  20,  December  15,  16  and  January  3, 
four  of  the  13  aborted.  The  then  station  director  states  that  "the 
stable  was  thoroughly  disinfected  by  burning  sulphur,  the  fumes  being 

kept  in  the  barns  for  about  two  hours,"  thrice  within  four  days 

"During  the  next  few  weeks  about  half  the  cows  in  calf  were  kept  con- 
tinually under  the  influence  of  laudanum  and  a  careful  watch  kept  of 
all.  Three  cows  showed  signs  of  aborting  and  in  each  case  they  were 
at  once  given  large  doses  of  laudanum  and  kept  fully  under  its  influence 
until  the  signs  of  uneasiness  ceased.  All  the  nine  cows  passed  through 
their  full  time  and  dropped  good,  healthy,  vigorous  calves."^  The 
writer  does  not  feel  that  the  slightest  stress  need  be  laid  on  this  observa- 
tion, which  is  included  here  simply  to  complete  the  record.  He  does 
not  recommend  laudanum  for  this  purpose. 

'93-'12.  During  this  long  period  more  or  less  attempt  was  made 
to  combat  this  disease  without  much  avail.  Carbolic  acid  was  injected 
subcutaneously  at  one  time  and  another  at  ten-day  to  two-week  in- 
tervals, but  without  apparent  result.  The  cows  were  douched  with 
weak  bichlorid  solution  at  times,  repeating  the  treatment  for  a  while  at 
weekly  or  biweekly  intervals.  This  sometimes  caused  vaginal  or 
uterine  irritation  and  induced  straining,  but,  apparently,  not  abortion. 
Annually  for  a  long  series  of  years  following  the  tuberculosis  holocaust 
of  1894,  the  cow  barn,  walls,  ceiling,  floors,  stanchions  were  thoroughly 
cleansed  and  bichlorid  freely  used,  upwards  of  ten  barrels  of  solution 
being  employed  each  time.  The  bad  years  of  '95,  "98,  '05-'10,  in  which 
much  abortion  occurred,  were  included  within  this  period  of  annual 
barn  cleansing.  It  doubtless  did  good  in  a  general  way  but  did  not 
reach  the  seat  of  the  trouble. 

'12-'13.  During  the  fall  of  1912,  the  results  of  the  laboratory 
tests  of  the  effect  of  methylene  blue  upon  the  abortion  organism  sug- 


»Vt.  Sta.  Rpt.  6.  pp.  114-115   (1892). 
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gested  the  direct  use  of  this  chemical.  During  18  months  (1911,  Jan- 
uary-June, 1912)  only  two  mishaps  had  occurred.  Then  came  the 
deluge.  Three  cows  miscarried  in  July  and  September  and  three  more 
in  December.  Complement  fixation  tests  were  made  and  30  cows 
treated  with  the  blue.  One  aborted  in  April  and  a  few  others  some 
time  later  and  during  the  ensuing  summer,  five  heifers  aborted,  four 
of  which  had  been  treated. 

'14-16.  During  this  time  little  effectual  work  was  done  to  curb 
the  malady.  Bam  hands  did  not  follow  directions  and  attempts  to 
control  infection  of  the  premises  were  defeated. 

'17- '22.  Beginning  in  January,  1917,  and  sporadically  since  that 
time,  cresol  (U.  S.  P.)  has  been  used,  mixed  with  molasses.  It  was  fed 
to  the  cows  for  a  few  weeks  once  a  day.  The  proportions  used  were  one 
to  three.  Neither  more  nor  less  would  serve,  as  the  two  fluids  sep- 
arated when  mixed  in  other  proportions.  As  a  rule,  the  heifers  were 
fed  the  cresol-molasses  mixture  before  they  were  sent  to  pasture.  It 
has  been  fed  quite  commonly  for  a  few  weeks  in  December  of  late 
years.     Neither  vaccines  nor  bacterins  have  been  used  at  any  time. 

The  writer  is  frank  to  say,  looking  back  over  his  more  than  a 
quarter  of  a  century  of  experience  with  this  disease  in  this  and  other 
herds,  that  he  is  far  from  certain  that  any  necessary,  certain  and  pro- 
noimced  relationship  between  the  use  of  drugs  on  the  one  hand  and  the 
control  of  abortion  on  the  other  has  been  discovered.  As  is  pointed 
out  elsewhere  (page  8)  the  use  of  methylene  blue  or  of  cresol  in 
31  herds  where  controls  have  been  left  has  been  followed  by  a  lessened 
I)ercentage  of  abortion  in  the  vast  majority  of  cases.  Whether  this 
"following"  is  significant  or  not  he  is  not  prepared  to  say.  However, 
cresol  feeding  does  no  apparent  harm  and  hence  seems  worth  using. 

In  a  general  way,  it  seems  to  the  writer  that  the  horizontal  lines 
in   the  graph   on   page    12   and   transferred   here,   represent   fire  and 

'96-'99 

'00-*04 

»05-'10 

'11*12 

'13 

'14 

'15-18 

'19-'22 


ashes;  infection  and  acquired  immunity.  His  associate,  the  univer- 
sity farm  superintendent,  pins  his  faith  on  cresol  since  now  for  four 
years  (1919-1922)  the  abortion  figures  have  been  low;  but  the  writer, 
with  1900-1904  and  1911-1912  in  mind,  takes  counsel  of  his  fears 
rather  than  of  his  hopes. 
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III.     THE  CONTROL  OF  THE  DISEASE 

What  is  the  nature  of  the  bovine  malady  variously  termed  "con- 
tagious abortion,"  "infectious  abortion,"  or,  better,  "abortion  disease?" 
How  much  damage  does  it  do?  What  causes  it?  How  do  cows  be- 
come infected?  How  does  it  spread  from  cow  to  cow?  What  are 
its  symptoms?  What  happens  when  a  cow  aborts?  How  can  one 
tell  whether  or  not  a  cow  is  going  to  abort?  How  can  one  determine 
the  presence  or  absence  of  infection  in  the  herd?  What  can  be  done 
by  way  of  treatment,  of  prevention,  of  control,  of  cure? 

Nature 

This  malady  is  an  infectious  disease.  It  normally  occurs  among 
and  is  communicable  among  cattle  which  seem  to  be  the  true  host  of 
its  causal  germ.  A  cow  thus  affected  may  or  may  not  abort.  Whether 
she  aborts  or  calves  normally  she  may  infect  others.  The  premature 
expulsion  of  the  foetus  from  the  uterus,  which  is  a  result,  the  supreme 
result  so  to  speak,  of  the  disease,  may  occur  at  almost  any  stage  of  con- 
ception, so  early  as  almost  if  not  quite  to  escape  notice,  or  so  late  that 
the  cow  nearly  attains  the  period  of  full-time  calving. 

The  disease  is  not  contagious  but  infectious;  that  is  to  say,  it  is 
not  "transmissible  by  contact"  direct  or  indirect  with  a  cow  harboring 
the  germs  which  cause  it — which  constitutes  contagion — but  transmis- 
sible by  virtue  of  some  common  environmental  condition,  the  germs 
being  carried  from  one  individual  to  the  other,  for  example,  through 
the  medium  of  the  air,  or  water — which  constitutes  infection. 

The  disease  does  not  seem  to  be  transmissible  to  domestic  animals 
other  than  cows,  guinea  pigs  and  rabbits.  Mares  and  other  animals 
abort  because  of  infection,  but  this  is  the  result  of  attack  by  germs  other 
than  the  si)ecific  one  which  commonly  attacks  cows,  namely,  the  Bang 
abortion  bacillus.  The  cow  usually  aborts  because  of  infection  with 
this  specific  organism  and  sometimes,  perhaps,  of  infection  with  other 
organisms. 

Damage 

This  malady  does  great  damage.  It  seems  to  be  omnipresent 
wherever  dairying  obtains  throughout  this  country,  in  much  of  Europe 
and  elsewhere.  It  is  no  new  disease,  having  been  recognized  in  Eng- 
land as  long  ago  as  1567.  It  is  said  by  good  authority  to  be  more 
widespread  than  any  other  bovine  ill,  to  have  infected  the  majority  of 
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the  purebred  herds  in  this  country  and  to  be  common  among  beef  cattle, 
even  among  those  on  the  open  range.  It  is  a  freaky  disease.  It  may 
ravage  a  herd,  disappear  slowly  or  perhaps  suddenly,  lie  dormant  for 
years  and  then  break  forth  again  with  almost  startling  suddenness. 
The  infection  may  be  mild  or  virulent.  A  cow  or  two  may  abort  or  it 
may  sweep  through  the  herd. 

nature  of  the  damage 

The  damage  it  does  is  both  direct  and  indirect.  Not  only  is  herd 
replacement  retarded,  not  only  is  the  milk  flow  seriously  impaired, 
but  either  repeated  abortion,  delayed  breeding  or  absolute  sterility 
are  apt  to  ensue.  Furthermore,  as  is  indicated  later  on,  treatment,  if 
attempted,  is  laborious,  time  consuming,  costly  and  far  from  certain. 
If  a  cow  aborts  before  the  fifth  month  of  pregnancy  the  milk  flow 
does  not  readily  respond  to  the  stimulus,  whereas  if  it  occurs  at  a  later 
time  the  cow  is  very  apt  to  become  unprofitable.  Indeed,  the  average 
cow  may  often  be  sold  for  beef  to  better  advantage  in  lieu  of  being 
kept  for  another  period  of  nine  or  more  months,  making  a  relatively 
small  amount  of  milk,  being  for  a  few  weeks  a  distinct  menace  to  her 
stable  associates  and,  perhaps,  finally  proving  barren  or  aborting  again 
in  case  she  conceives.  The  several  sequelae  of  abortion  (retained 
afterbirth,  vaginal  discharge,  possible  blood  poisoning,  the  change  of 
the  temporary  catarrh  into  a  permanent  condition)  all  tend  to  induce 
repeated  abortion,  delayed  breeding  or  ultimate  sterility. 

There  appears  to  be  greater  likelihood  of  loss  among  registered 
cows  than  in  grade  herds.  The  widespread  traffic  among  purebreds 
encourages  its  spread  and  it  seems  reasonable  to  assume  that  intensive 
breeding  and  high  productivity  tend  to  induce  greater  susceptibility. 
Furthermore,  the  loss  of  a  purebred  calf  is  a  more  serious  matter  than 
that  of  a  grade.  Then  again  the  highly  important  movement  is  retarded 
whereby  through  the  introduction  of  purebreds  into  grade  herds,  the 
(|uality  of  the  stock  is  improved,  for  there  are  less  calves  to  sell  and 
buyers  are  less  likely  to  purchase.  And,  of  course,  the  delayed  breed- 
ing and  sterility  which  often  follow  are  added  and  even  more  serious 
handicaps. 

The  malady  is  no  respecter  of  breeds,  although  breeds  within  which 
the  greatest  traffic  occurs  naturally  sufler  most.  Under  ecjual  con- 
ditions equality  in  respect  to  susceptibility  seems  probable. 

It  is  on  these  accounts  that  many  authorities  hold  that  this  disease 
is  an  even  more  serious  menace  to  the  wellbeing  of  American  dairying 
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than  is  the  great  scourge  of  bovine  tuberculosis,  and  that  it  exacts  a 
heavier  toll.  Certain  it  is  that  the  after-effects  are  much  more  far 
reaching  and  tliat  its  control  is  more  more  difficult. 

EXTENT  OF  THE  DAMAGE 

The  extent  of  the  direct  as  well  as  the  indirect  losses  caused  by 
abortion  can  only  be  conjectured.  Hadley  (1918)  estimates  that  eight 
percent  of  all  milking  cows  abort  annually.  The  writer  is  on  record 
in  1913  as  saying  "that  the  claim  that  one  percent  of  Vermont  cows 
abort  annually  is  probably  an  understatement."  Accepting  it,  however, 
as  valid,  this  means  3,000  aborting  cows,  3,000  less  calves,  probably 
3,000,000  pounds  less  milk  made  annually  and  at  least  $100,000  damage 
done  annually  in  the  comparatively  small  State  of  Vermont. 

Cause 

This  malady  is  caused  by  infection  due  to  a  sjjecific  germ,  the  abor- 
tion bacillus  of  Bang,  originally  discovered  by  this  investigator  in  Den- 
mark. It  has  been  repeatedly  isolated  elsewhere.  Other  organisms 
closely  similar  to  it  have  been  found  which  bear  a  relationship  to  abor- 
tion in  other  domestic  animals.  A  spirillum  has  been  isolated  by  Smith 
in  this  country  and  a  vibrio  by  Stockman  and  McFayean  in  England, 
which  are  deemed  by  them  to  bear  relationship  to  infectious  bovine 
abortion,  that  is  to  say,  to  be  causative  factors  in  some  instances  rather 
than,  or  perhaps  rarely  in  associationship  with,  the  Bang  bacillus.  It 
may  be  that  various  septic  and  pyogenic  bacteria,  even  ordinary  parasitic 
organisms,  perhaps  toxic  substances  of  an  emmenagogic  nature,  may 
rarely  function,  but  some  of  our  best  authorities  are  skeptical  as  to  this 
j)ossibility.  However,  it  is  generally  held  today  that  there  is  only  one 
common  and  widespread  causal  factor,  namely,  the  Bang  abortion 
bacillus.*  It  is  possible  that  occasional  abortions  arc  due  to  accident, 
i.  e.,  slipping,  goring,  falling,  etc.,  but  such  cases  are  very  rare.  Spoiled, 
ergotty  or  smutty  grain  or  roughage  are  sometimes  thought  to  induce 


>  Smith  (Jour.  Exp.  Med.,  30.  4.  pp.  299-357,  1919)  holds  that  "relatively  few 
cows  arp  subject  to  disease  of  the  foetal  membranes  due  to  the  B.  abortus,  twice. 
•  •  •  Abortions  do  occur  In  succession  but  they  are  due  chiefly  to  causes  other 
than  B.  abortua.  •  •  •  Were  It  not  for  af?ents  other  than  B.  abortus,  such  as  Vibrio 
fetus  and  to  a  far  less  degree  to  miscellaneous  septic  and  pvogenic  orgranisms  and 
to  unknown  nonbacterial  agrencles.  second  and  later  abortion  by  the  same  cow 
would  be  relatively  rare."  If  Smith's  contention  Is  upheld  as  a  result  of  further 
investigration.  It  would  seem  logical  to  assume  that  almost  every  cow  aborting  for 
the  first  time  because  of  Infection  with  the  Bang  bacillus  would  acquire,  so  far 
as  that  particular  organism  is  concerned,  a  greater  or  less  degree  of  natural  im- 
munity. Furthermore.  It  would  seem  logical  to  expect  that  If  a  Bang  vaccine 
were  needed  in  the  first  Instance,  a  Smith  vaccine  should  lie  used  on  such  cows  as 
have  aborted  once  as  a  deterrent  to  the  action  of  the  vibrio  and,  perhaps,  a  mixed- 
Infection  vaccine  to  protect  against  "miscellaneous  septic  and  pyogenic  organisms.** 
Truly  it  looks  as  If.  in  respect  to  abortion,  the  dairyman's  life  was  "Just  one  damn 
thing  after  another." 
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abortion,  but  there  is  no  definite  proof  that  such  is  the  case  and  con- 
siderable evidence  to  the  contrary.  Excessive  or  exclusive  use  or 
wheat  products  has  exjierimentally  induced  abortion,  but  the  rations 
fed  were  abnormal.  Certain  it  is  that  a  breeder  may  safely  assume 
that  a  sporadic  case  is  due  to  infection  and  proceed  accordingly. 

The  bacilli  are  very  small,  rod-shaped  organisms.  They  enter  the 
body  in  the  first  instance  almost  invariably  by  way  of  the  digestive 
tract,  being  ingested  with  food  or  water.  It  has  been  held  quite  gen- 
erally in  the  past  that  the  genital  tract  was  a  fertile  channel  of  infec- 
tion, especially  at  the  time  of  service  and  that  the  bull,  particularly  if 
he  had  been  used  on  cows  which  had  aborted,  was  the  prime  source  of 
trouble.  Occasionally  he  is  at  fault,  but  even  when  diseased  and  con- 
veying the  organisms  to  the  vagina,  it  is  now  believed  that  they  rarely 
infect  the  non-pregnant  or  about-to-become-pregnant  animal.  It  for- 
merly was  thought  that  the  udder,  which  is  the  most  common  perma- 
nent habitat  of  the  Bang  bacillus,  became  infected  via  the  teat  channel, 
but  it  is  now  held  that  this  source  of  infection  is  unusual  and  that  udder 
infection  occurs  via  the  blood  stream.  In  short,  the  present  point  of 
view  is  that  to  all  intents  and  purposes  the  only  channel  of  entrance  of 
this  germ  into  the  body  is  the  mouth.  Once  having  entered  the  body, 
it  can  readily  reach  the  udder  and  its  adjacent  lymph  glands  and  thence 
pass,  when  a  cow  becomes  pregnant,  to  the  uterus. 

The  bacilli  grow  best  in  placental  tissue,  in  fcetal  tissue,  in  the  vagi- 
nal discharges,  within  the  uterus  preceding  and  following  abortion,  and 
in  the  udder.  It  is  difficult  to  grow  them  artificially  outside  the  body, 
where  they  increase  slowly  if  at  all  and  readily  die ;  but  within  or  in 
contact  with  these  bodily  tissues — particularly  under  conditions  of  mois- 
ture and  opacity — they  may  live  for  months.  Their  favorite  abiding 
places  are  in  the  outer  layers  of  the  placenta,  or  afterbirth,  that  is  to 
say  the  chorion  or  chorionic  epithelum,  in  the  udder  and  in  the  adjacent 
lymph  glands.  In  the  latter  location  they  increase  slowly  in  number, 
but  they  multiply  so  rapidly  under  the  ideal  conditions  obtaining  in  the 
pregnant  uterine  cavity  as  to  inhibit  the  proper  nutrition  of  the  foetus 
by  the  mother.  She  can  not  properly  feed  her  unborn  young  and,  as  a 
result,  it  sometimes  is  prematurely  expelled.  All  too  often  the  after- 
birth is  retained,  inflammation  ensues,  pus  forms  and  either  delayed 
breeding  or  permanent  sterility  occur.  The  germs  are  readily  killed 
by  the  rays  of  direct  sunlight,  but  they  may  live  for  months  in  moist 
places  and  will  resist  freezing  for  many  months. 

The  Bang  bacillus  is  a  versatile  germ.  It  varies  in  virulence  from 
time  to  time  and  as  between  strains.     Furthermore,  some  cows  are 
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much  more  resistant  than  are  others  to  the  inroads  of  the  disease  and 
the  resistance  of  a  given  cow  may  change  from  time  to  time,  it  being 
more  susceptible,  for  example,  today  than  it  may  be  a  month  later. 
Hence  it  is  that  sometimes  abortion  follows  upon  the  very  heels  of  in- 
fection,  while  sometimes  it  happens  late  in  pregnancy  or  not  at  all ; 
that  sometimes  the  cow  aborts  so  soon  after  conception  as  to  be  almost 
unobserved,  while  sometimes  she  waits  until  the  very  last  moment 
before  the  mishap  occurs. 

Methods  of  Transmission 
THE  cow 

It  is  often  difficult  to  tell  how  the  disease  enters  a  given  herd. 
Once  established  it  is  doubtless  more  often  conveyed  from  cow  to  cow 
and  through  the  herd  because  of  the  presence  of  the  germs  in  the  vaginal 
discharges  of  an  aborter  than  in  any  other  way.  These  discharges  teem 
with  the  Bang  bacilli  just  before  and  after  abortion. 

There  are  four  known  sources  whence  the  abortion  bacilli  are 
derived : 

1.  The  vaginal  discharges  from  the  uteruses  of  infected  cows 
at  and  following  parturition.  This  is  far  and  away  the  main  source  of 
trouble.  When  a  susceptible  pregnant  cow  gains  access  to  and  swal- 
lows material  infected  with  the  abortion  bacilli,  she  is  very  apt  indeed 
to  become  herself  infected  and,  being  infected,  reacts  and  all  too  often, 
though  not  always,  aborts. 

2.  The  milk  or  milk  by-products  of  cows  whose  udders  are  in- 
fected. 

3.  The  fecal  discharges  of  unweaned  calves  dropped  by  and 
suckled  by  infected  cows. 

4.  The  seminal  fluids  of  bulls  with  infected  reproductive  organs. 
A  cow  which  calves  normally  may  be  as  effective  a  spreader  of  the 

disease  as  is  the  so-called  "aborter"  herself.  Udder  infection  may 
occur  and  a  cow  calve  normally.  Indeed,  udder  infection  is  said  by 
good  authority  to  be  extremely  prevalent.  Some  go  so  far  as  to  say 
that  approximately  half  the  cows  with  infected  udders  have  infected 
uteruses  at  calving.  Udder  infection  may  cease  in  a  few  weeks  or 
persist  during  most  of  the  cow's  life;  and  in  the  latter  event  it  is  pos- 
sible, though  not  probable,  that  she  may  calve  normally  throughout  her 
mature  life.  There  is  no  evidence  to  indicate  that  the  presence  of 
the  abortion  organism  in  the  udder  causes  any  lesion  or  that  the  milk 
is  pathogenic.     Furthermore,  there  is  experimental  evidence  to  warrant 
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the  belief  that  a  more  or  less  profuse  discharge  of  the  abortion  bacilli 
occurs  from  the  vagina  following  upwards  of  half  the  normal  calvings 
of  cows  with  infected  udders.  They  last  in  the  uterus  for  a  short 
time  only,  rarely  for  more  than  three  weeks.  This  means  that  seem- 
ingly healthy  cows  may  be  and  often  are  "carriers,"  the  abortion  or- 
ganisms passing  more  or  less  continuously  from  their  bodies  in  rela- 
tively small  numbers  in  the  milk  and  periodically  in  large  numbers  at 
calving  in  the  vaginal  discharges.  Everyone  has  heard  of  that  un- 
fortunate woman,  *Typhoid  Mary,"  a  veritable  harborer  and  harbinger 
of  death.  Everyone  now  appreciates  the  danger  due  to  the  presence, 
of  a  **typhoid  carrier"  or  a  "septic  sore  throat  carrier"  on  a  milk  route. 
There  are  doubtless  countless  millions  of  unsuspected  Abortion  Bos- 
sies all  over  the  world.  Fortunately  their  bacterial  outpourings  do  not 
seem  to  be  pathogenic  in  any  respect  whatsoever  to  the  human  kind. 

THE  BULL 

Popular  belief  to  the  contrary  notwithstanding,  the  bull  is  not  very 
often  at  fault.  He  may  sometimes  serve  as  a  mechanical  carrier  of 
the  disease,  that  is  to  say,  he  may  possibly  transmit  it  to  an  uninfected 
cow,  if  he  has  served  one  who  is  infected.  However,  this  is  not  likely 
to  happen.  In  the  first  place,  even  if  an  infected  cow  is  served  the 
first  time  she  comes  in  heat  following  calving  or  abortion,  she  is  not 
likely  to  harbor  many,  if  any,  abortion  organisms  in  her  vagina  for  the 
reason  that  they  almost  always  disappear  within  three  weeks;  and  in 
the  second  place,  since  the  bacilli  do  not  seem  to  live  for  any  length  of 
time  in  the  non-pregnant  or  newly  impregnated  uterus,  but  to  multiply, 
if  at  all,  only  in  a  temporary  and  at  that  time  non-existent  tissue,  namely 
the  chorion  of  the  placenta,  obviously  there  is  little  danger  of  infection 
occurring  as  a  result  of  service.  The  bull  is  less  likely  to  be  infected 
than  is  the  cow,  but  such  infection  is  not  uncommon.  However,  infec- 
tion is  one  thing  and  the  transmission  of  such  infection  to  the  cow  is 
another.  It  is  sometimes  advised  to  flush  the  sheath  with  a  weak 
antiseptic  solution,  using  a  soft  rubber  tube  attached  to  a  funnel.  This 
may  serve  to  lessen  the  likelihood  of  mechanical  transmission,  but  will 
in  nowise  affect  matters  if  there  are  lesions  of  the  seminal  vesicles,  a 
condition  which  sometimes  happens. 

Until  within  a  few  years,  it  was  quite  generally  held  that  the  main 
channel  of  infection  was  the  nearby  and  obvious  one — the  vagina — 
and  that  the  bull  was  a  prime  agent  in  the  spread  of  the  disease.  This 
inference  has  been  most  thoroughly  disproved  as  a  result  of  extensive 
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and  seemingly  conclusive  tests.  Into  the  utenises  of  abortion- free 
cows  have  been  introduced  all  sorts  of  infected  material,  including  pure 
cultures.  They  have  been  served  by  reacting  bulls,  by  bulls  which  just 
previously  had  served  cows  with  infected  genital  tracts,  by  bulls  both 
naturally  and  artificially  infected  in  the  genital  organs — all  with  nega- 
tive results,  neither  reaction  nor  abortion  occurring.  There  seems  to  be 
but  one  conclusion  to  be  drawn  from  these  trials,  namely,  that  the 
cow's  genital  tract  is  not  a  normal  channel  of  the  entry  and  that  her 
non-pregnant  or  freshly  impregnated  uterus  is  not  a  normal  abiding 
place  of  the  Bang  bacillus.  As  a  corollary  of  this  observation  it  may 
)>e  concluded  that  a  community  bull,  a  "bull  association"  bull  can  be 
safely  and  freely  used  if  he  himself  is  not  infected.  A  bull  from  a 
herd  in  which  abortion  has  been  rife  is,  of  course,  more  likely  to  have 
become  infected  than  one  coming  from  a  clean  environment 

No  dairyman  should  dispose  of  a  good  bull  on  suspicion  only, 
hoping  thus  to  check  the  disease.  He  may  be  only  an  innocent  by- 
stander. He  should  be  tested  first  as  to  the  presence  or  absence  of 
the  organisms. 

RAW  MILK 

Raw  milk  at  times  may  convey  the  disease  to  other  bovines.  So 
far  as  is  known  the  organism  is  not  pathogenic  to  the  human  kind.  Be- 
cause of  this  possibility  and  in  the  interests  of  the  control  of  the  dis- 
ease and  in  order  to  lessen  the  likelihood  of  dispersal,  it  is  advisable  to 
require  pasteurization  of  all  dairy-plant  by-products  before  they  are 
fed.  Such  a  procedure,  legally  required  and  strictly  enforced,  would 
materially  curtail  the  dissemination  of  tuberculosis  and  might  be  ser- 
viceable in  lessening  the  spread  of  abortion.  Furthermore,  it  should 
be  noted  that  an  aborting  cow  may  later  on  become  a  "carrier,"  her 
milk  containing  the  germs  for  years.  Indeed,  as  has  been  heretofore 
pointed  out,  the  milk  of  cows  which  have  never  al)orted  may  carry 
the  infection. 

Infection 

The  malady  is  infectious.  It  has  l)een  held  in  the  past  that  cows 
may  become  infected  via  the  vagina  in  the  first  instance  near  the  time 
of  service  or  later,  though  this  is  not  likely  to  happen  after  the  uterine 
seal  is  formed.  This  source  of  infection  is  not  now  deemed  important. 
Calves  may  become  infected  before  birth,  if  born  of  an  infected  cow. 
Whether  born  infected  or  uninfected,  if  fed  raw  milk  carryinj^  the 
organisms,  calves  may  or  may  not  become  infected  as  a  result,  with 
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the  probabilities  perhaps  in  favor  of  non-infection.  Pregnant  heifers, 
doubtless,  are  less  disease  resistant  than  mature  cows  and  are  on  this 
account  more  liable  to  infection  than  are  either  calves  or  cows,  being 
particularly  prone  thereto  shortly  after  the  first  calving,  although  those 
aborting  at  the  first  parturition  obviously  become  infected  at  an  earlier 
date.  Hadley  states  that  more  than  80  percent  of  the  infections  in  a 
large  number  of  herds  occurred  before  the  second  calving  and  that  195 
of  1.238  pregnant  heifers  in  a  very  large  herd  (16%)  aborted. 

The  usual — ^although  perhaps  not  the  exclusive — ^method  of  ingress 
and  progress  of  the  Bang  organism  is  thought  to  be  as  follows:  By 
ingestion  through  the  alimentary  canal,  through  the  intestinal  mucosa 
into  the  lymphatic  system,  the  blood  stream  and  to  the  udder,  thence 
when  the  cow  becomes  pregnant  via  these  systems  to  the  outer  placental 
layers.  The  only  permanent  bodily  structures  which  act  as  a  com- 
mon habitat  is  the  udder  of  the  female  and  the  adjacent  lymph  glands 
and,  very  much  less  commonly,  the  reproductive  organs  and  seminal 
fluids  of  the  male.  Increasingly  the  veterinary  profession  is  coming 
to  believe  that  the  uterus  as  such  is  not  its  natural  habitat — never  when 
not  pregnant  and  rarely  when  pregnant — ^but  that,  on  the  contrary,  the 
temporary  placental  structure  is  its  temporary  abiding  place. 

Phrasing  this  thought  in  another  way,  it  is  now  held  by  some  of 
the  best  authorities  that  infectious  abortion  disease  pertains  neither  to 
the  cow  nor  to  the  foetus  but  to  a  temporary  structure,  namely,  the 
outermost  of  the  foetal  membranes.  The  cause  of  the  disease  is  often 
resident  in  the  cow,  that  is  to  say  the  bacilli  often  live  in  the  udder  and 
adjacent  glands,  but  the  disease  itself  does  not  attack  the  cow  or  its 
calf,  but  the  temporary  tissue  of  the  afterbirth.  This  view  of  the  case 
helps  one  to  understand  why  it  is  difficult  to  treat  the  cow  if  the  cow, 
even  though  she  abort,  is  not  diseased ;  why  immunity  is  developed,  if  at 
all,  somewhat  slowly  and  unsatisfactorily.  The  premature  expulsion 
of  the  foetus,  i.  e.,  abortion,  is  only  a  symptom,  the  essential  result  of 
the  disease  but  not  the  disease  itself.  It  is  in  a  way  analogous  to  the 
so-called  "peeling"  of  the  skin  of  a  scarlet  fever  patient.  The  skin 
patches  thrown  off  by  the  body  are  not  the  disease  but  one  of  its 
manifestations.  If  foetal  nutrition  is  not  too  seriously  interfered  with, 
the  calf  is  bom  at  full  time,  infection  to  the  contrary  notwithstanding. 
Furthermore,  some  cows  are  doubtless  more  disease-resistant  than 
others.  They  possess  more  immunity,  which  may  be  natural  and  in- 
herent, or,  if  they  previously  have  been  "aborters,"  it  may  be  acquired. 
This  fact  helps  to  explain  why  some  cows  reacting  to  the  agglutination 
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or  complement  fixation  tests  calve  at  full  lime.  Such  cows,  further- 
more, harboring  the  organism  and  throwing  it  off,  themselves  unaf- 
fected, may  endanger  their  stable  mates  immediately  following  calving. 

Symptoms 

The  symptoms  of  the  malady  are  all  too  well-known  to  Vermont 
dairymen.  Little  or  nothing  happens  by  way  of  external  evidence  if 
the  mishap  occurs  during  early  pregnancy.  If  it  happens  later,  how- 
ever, the  udder  swells  and  the  external  genitals  become  congested.  If 
the  afterbirth  is  retained,  this  discharge  becomes  offensive.  However, 
often  a  cow  is  infected  and  shows  none  of  these  symptoms,  calving 
normally.  In  other  words,  infection  does  not  necessarily  entail  abor- 
tion, although  such  is  a  common  result.  Cows  which  in  spite  of  infec- 
tion calve  normally,  usually  iwssess  natural  immunity  or  acquired  im- 
munity, being  or  becoming  relatively  disease  resistant  in  so  far  as  the 
abortion  organism  is  concerned.  Sometimes  the  foetus  is  retained  after 
its  death  and  "mummifies."  Sometimes  when  born  at  full  time  it  is 
such  a  weakling,  owing  to  insufficient  placental  nutrition,  that  it  dies. 
And,  as  has  been  remarked,  sometimes  all  goes  well  notwithstanding 
infection.  Hence  it  is  that  the  number  of  abortions  does  not  accurately 
measure  the  extent  of  the  disease  in  the  herd. 

Detection 

The  presence  of  the  disease  in  a  herd  can  be  detected  with  a  fair 
degree  of  certainty  well  in  advance  of  any  abortion.  Tests  have  been 
devised  wherewith  one  can  separate  the  sheep  from  the  goats,  the 
cows  which  are  from  those  which  are  not  infected.  There  are  two 
such  tests,  both  using  the  blood  of  the  susj^ect  as  a  means  of  diagnosis. 
They  are  known  as  the  complement  fixation  and  the  agglutination  tests. 
The  presence  or  absence  in  the  blood  of  certain  substances  produced 
as  a  result  of  infection  with  the  abortion  organisms  is  manifested  by 
their  application.  The  tests  are  complicated  affairs  and  can  be  made 
only  in  a  specially  equipped  laboratory  and  by  a  trained  observer. 
They  are  reliable,  although  not  infallible,  and  seem  to  be  equally  effi- 
cient. They  do  not  indicate  that  a  cow  will  abort.  She  may  already 
have  aborted,  she  may  be  destined  to  abort  or  she  may  never  abort. 
The  tests  can  not  foretell  the  future.  All  that  they  do  is  simply  tu 
betray  the  presence  or  absence  in  the  blood  stream  of  the  so-called  anti- 
bodies which  are  produced  as  a  result  of  the  more  or  less  recent  pres- 
ence in  the  cow's  body  of  the  abortion  bacilli.     They  show  quite  surely. 
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in  other  words,  whether  or  not  a  cow  has  or  has  had  abortion  organisms 
in  her  system.  At  the  Wisconsin  station,  36  percent  of  more  than 
6,000  cows  tested  by  these  tests  reacted  and  59  percent  of  more  than 
1,700  tested  at  the  Vermont  station  reacted.  The  blood  of  a  cow 
which  has  aborted  will  react  before  the  mishap  and  continue  to  react 
for  a  greater  or  le.ss  length  of  time  thereafter,  sometimes  becoming 
''negative'*  promptly  after  abortion  and  sometimes  remaining  ^'positive" 
for  a  series  of  years. 

SEC.  514  G.   L. 

Section  514,  General  Laws,  provides  ready  means  whereby  any 
Vermonter  desiring  to  know  the  situation  touching  his  herd,  can  do 
so.  He  can  have  the  blood  of  each  cow  in  his  herd  tested  for  a 
moderate  fee  at  the  State  Laboratory  of  Hygiene,  Burlington,  Vt. 
This  laboratory  has  no  relationship  to  the  Experiment  Station  or  to 
the  College  of  Agriculture  and  samples  should  be  sent  only  to  the  State 
Laboratory  of  Hygiene.  This  law  has  been  on  the  statute  books  for 
eight  years,  but  very  few  calls  have  been  made  upon  the  laboratory  for 
this  service.  Perhaps  Vermont  dairymen  have  become  fatalists  in 
respect  to  the  control  of  this  malady ;  perhaps  they  feel  that  the  tests 
have  too  great  limitations  and  that  treatment  is  too  costly,  too  laborious 
and  none  too  certain.  At  any  rate,  whatever  the  reason,  they  do  not 
resort  to  the  laboratory  to  determine  the  facts. 

Immunity 

Immunity  may  \ye  either  natural,  that  is  to  say,  inherent,  or  it  may 
])e  ac(|uired.  It  often  happens  that  a  person  or  an  animal  does  not 
succumb  to  a  disease  which  is  taking  its  toll  by  scores  and  hundreds 
all  about  it.  This  person  or  animal,  moreover,  may  never  have  had 
the  disease,  possessing  in  some  degree  a  natural,  inborn  ability  to  ward 
off  infection.  An  animal  is  said  to  be  immune  to  a  given  disease,  e.  g., 
abortion,  when  it  is  effectively  disease  resistant  to  that  malady.  On 
the  other  hand,  this  immunity  may  happen  because  the  person  or  animal 
has  had  the  disease  and  thus  become  immune  or  because  it  has  been 
purposely  infected  with  the  living  disease-producing  organism.  Such 
immunity  is  of  the  acquired  sort.  A  person  who  has  had  measles  rarely 
has  measles  twice:  he  has  become  immunized  to  measles,  he  has  ac- 
quired immunization.  A  person  who  is  vaccinated  rarely  catches  small- 
pox, having  been  purposely  infected  with  a  living  virus  producing  an 
analogous  and  less  dangerous  disease,  namely,  covvpox.     An  immune 
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animal  may  or  may  not  be  a  "carrier,"  but  at  any  rate  it  does  not  itself 
abort.  Now  a  cow  may  be  able  because  of  immunity  to  carry  her  calves 
through  to  full  time,  even  though  the  germs  are  in  her  system,  in  which 
event  premature  foetal  expulsion,  placental  retention,  delayed  breeding, 
sterility,  do  not  occur.  As  has  just  been  pointed  out,  this  immunity  may 
be  either  natural  or  acquired,  natural,  presumably  because  of  the  auto- 
development  of  protective  substances  (the  so-called  and  oddly  called 
"anti-bodies"),  substances  which  serve  to  inhibit  the  further  growth  of 
the  abortion  germs,  or  acquired,  because  of  their  development  as  a  re- 
sult of  previous  abortions  or  of  inoculation.  Now,  cows  do  not  abort 
continuously.  Many  abort  once;  perhaps  one  in  three  or  four  of 
those  who  abort  once  abort  twice ;  and  perhaps  one  in  three  or  four  of 
those  who  abort  twice  abort  thrice.  The  repeats  may  be  due  to  a  hold- 
over of  the  original  infection,  to  reinfection  or,  according  to  Smith 
(footnote  p.  18),  to  infection  with  another  organism.  The  propor- 
tion of  repeaters  thus  disclosed  is  doubtless  too  low,  for  many  farmers 
dispose  of  cows  after  their  first  abortion  has  taken  place,  sometimes 
wisely,  but  often  actuated  by  the  mistaken  notion  that  thus  they  can 
rid  the  herd  of  the  disease.  Some  of  these  cows,  if  held  in  the  herd 
and  again  conceiving,  would  doubtless  again  have  aborted.  This  con- 
ceivably would  have  been  due  to  the  fact  that  the  individual  was  less 
readily  immunizable  than  the  majority  of  cows.  On  the  other  hand, 
some  of  these  cows  if  held  in  the  herd  doubtless  would  become  as  many 
do  become,  for  the  time  being  at  least,  sufficiently  immunized  as  a  re- 
sult of  a  single  abortion.  This  situation,  i.  e.,  normal  calving  subse- 
quent to  abortion,  is  held  to  be  due  to  the  acquirement  of  immunity. 
There  are  diflferences  between  cows  and  herds  in  respect  to  this  matter. 
Some  seem  more  resistant  than  others  for  reasons  which  are  not  always 
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clear,  among  which  may  be  mentioned  variation  in  virulence  of  germs, 
the  age  of  the  cows — ^an  aborting  heifer  is  more  Hkely  to  repeat  than  a 
mature  cow — the  care  given  them,  the  eflForts  made  to  combat  the 
malady,  actual  differences  in  the  resistance  powers  of  diflferent  cows, 
the  fact  that  the  dose  of  naturally  formed  immunizing  material — what- 
ever it  may  be — is  insufficient,  lack  of  time  wherein  to  form  it,  etc. 

So  far  as  natural  immunity  is  concerned,  it  may  be  said  that  calves 
seem  to  be  immune,  though  they  may  ingest  the  bacilli  and  pass  them 
through  and  out  of  the  alimentary  canal;  that  this  immunity  tends 
to  decrease  as  age  advances  and  the  mammary  glands  and  reproductive 
organs  mature;  and  that  heifers  and  bulls  are  not  apt  to  become  in- 
fected unless  the  i)remiscs  are  in  an  unsanitary  condition  and  the  dis- 
ease is  abundant. 
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VACCINES  AND  BACTERINS 

Attempts  have  been  made  to  confer  immunity  by  the  injection, 
hypodermically,  either  of  living  abortion  organisms  (vaccine)  or  of 
dead  abortion  organisms  (bacterin).  The  theory  on  which  this  proce- 
dure is  based  is  the  same  as  holds  in  respect  to  vaccination  for  small- 
]  ox,  namely,  the  production  of  a  mild  form  of  the  disease  which,  in 
turn,  induces  the  production  of  the  protective  substances  (anti-bodies) 
within  the  cow's  system,  which  serve,  as  it  were,  to  abort  the  abortion 
organisms  which  later  may  gain  access  through  direct  infection. 
Opinion  differs  as  to  the  merits  of  these  procedures,  although  the  con- 
sensus of  opinion  seems  to  be  that  the  bacterins  have  not  proven  at  all 
satisfactory;  yet  they  are  freely  offered  by  commercial  houses.  How- 
ever, there  are  obvious  and  decided  objections  to  the  use  of  vaccines, 
namely,  rapid  deterioration,  slow  development  of  immunity,  limited 
extent  of  time  during  which  immunity  lasts,  which  may  be  for  months 
and  may  be  for  years,  usefulness  only  with  unbred  animals,  danger  in 
handling  living  disease  organisms.  Vaccines,  if  employed,  should  be 
placed  in  the  hands  only  of  trained  and  careful  men,  thoroughly  con- 
versant with  the  many  dangers  incident  to  their  use. 

Hadley^  cites  the  results  of  immunizing  work  in  England  and  in 
Germany  in  connection  with  his  own  work  in  Wisconsin.  The  bacterins 
were  found  to  be  uniformly  useless  but  the  vaccines  appeared  to  pos- 
sess definite  immunizing  values.  However,  the  author  is  not  unduly 
optimistic  over  the  outcome,  although  he  expresses  his  belief  that  the 
favorable  results  were  not  to  be  attributed  to  spontaneous  cure.  On 
the  other  hand,  Schroeder^  points  out  the  insufficiency  of  commercial 
vaccines.  Having  purchased  24  samples,  the  products  of  five  different 
biological  laboratories,  all  of  them  alleged  suspensions  of  live  abortion 
bacilli,  all  of  them  of  recent  manufacture  and  from  two  to  three  months 
from  "return  date,"  he  subjected  them  to  four  simple  but  searching 
tests,  with  the  following  outcome:  29  percent  were  grossly  contami- 
nated with  various  microorganisms ;  42  percent  were  either  dead,  nearly 
dead,  or  worse  than  worthless  because  of  contamination;  79  percent 
ranged  in  value  from  doubtful  to  worse  than  worthless.  Not  un- 
naturally Schroeder  concludes  that  "vaccination  against  infectious  abor- 
tion disease  is  in  an  experimental  stage."  However,  there  seems  some 
reason  to  hope  that,  as  has  been  the  case  with  other  vaccines,  eventually 
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an  effective  medium  may  be  secured.  It  would  seem,  however,  that 
a  greater  degree  of  care  than  heretofore  has  been  taken  must  needs  be 
exercised  in  the  preparation  of  these  vaccines  together. 

Remedial  Measures 

Abortion  may  be  combated — none  too  successfully,  to  be  sure, 
but  the  battle  may  be  waged.  There  are  at  least  four  ways  of  going 
at  it,  namely,  (1)  doing  nothing,  (2)  selling  out,  (3)  prevention,  and 
(4)  cure. 

1.      DOING   NOTHING 

The  laissic-fairc  system  api)eals  to  the  fatalist  and  the  inept.  Many 
farmers  do  nothing  whatever.  They  let  the  fire  burn  itself  out ;  they 
expect  the  disease  to  run  its  course  and  die  out  without  treatment; 
they  bank  on  the  development  of  acquired  immunity.  The  direct  cost 
of  the  system  is  nil,  but  the  indirect  cost  is  often  staggering.  Some 
cows  do  recover  of  their  own  accord,  but  many  do  not.  The  method 
has  little  to  recommend  it. 

2.  SELLING  OUT 

"Selling  out"  is  rarely  advisable,  for  unless  conscientious  care  i> 
given  to  stable  disinfection,  the  cows  newly  introduced  into  a  con- 
taminated environment  will  be  likely  to  abort,  thus  starting  the  un- 
happy owner  once  more  at  the  bottom  of  the  hill.  Such  a  procedure 
resembles  raking  out  the  half  burned  wood  from  a  fire  and  piling  on 
fresh  kindling.  Furthermore,  aborting  cows  tend  to  develop  more  or 
less  immunity  and  selling  out  is  on  this  account  inadvisable.  Pur- 
chases should  be  made,  so  far  as  possible,  from  abortion  free  herds  on 
blood  test.  However,  calves  may  be  safely  purchased  even  though  the 
seller's  herd  is  infected  if  not  fed  raw  milk  during  the  month  imme- 
diately preceding  purchase. 

3.  PREVENTION 

Prevention  by  the  ounce  is  said  to  cost  less  than  does  cure  by  the 
pound ;  but  the  ounce  in  this  case  is  bought  at  a  high  price  and  deliver}* 
of  the  purchased  article  is  not  guaranteed.  Eternal  vigilance  must  be 
exercised,  many  hours  of  hard  labor  exi)ended  and  sometimes  a  none 
too  satisfactory  outcome  is  the  result.  The  malady  does  not  readily 
yield  to  remedial  treatment,  but  something  can  be  done  which  should 
tend  to  l>etter  the  situation. 
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As  to  Abortion 

When  symptoms  of  approaching  abortion  appear,  or  promptly  after 
abortion  has  occurred,  the  cow  should  be  isolated,  the  foetal  calf,  after- 
birth and  contaminated  litter  destroyed  at  once  and  the  location  satu- 
rated with  a  properly  prepared  and  reliable  disinfectant.  So  long 
as  vaginal  discharge  occurs,  the  rump,  vulva,  thighs  and  tail  should  be 
daily  and  thoroughly  scrubbed  with  warm  disinfecting  fluid. 

If  the  afterbirth  is  retained,  a  comj^etent  veterinarian  should  be 
immediately  consulted  since  its  prompt  removal  is  vitally  necessary. 
I  lis  advice  should  be  sought  before  any  antiseptic  treatment  or  uterine 
flushing  or  douching  are  attempted.  These  procedures,  formerly  ad- 
vised, are  much  less  commonly  suggested  at  present.  Indeed,  douching 
the  vagina  and  uterus,  which  formerly  were  urged  as  a  necessary  pro- 
cedure, is  now  thought  to  be  usually  not  only  futile  but  positively 
harmful.  The  afterbirth  is  often  retained  because  the  Bang  bacillus 
and  associated  organisms  induce  inflammation.  The  cotyledons  or 
so-called  "buttons"  connecting  the  uterine  walls  and  the  placenta  usually 
swell  when  inflammation  sets  in  and  this  hinders  removal.  A  lessened 
milk  flow,  a  lowered  live  weight,  possible  blood  poisoning,  delayed 
breeding,  eventual  sterility  or  even  death  are  the  sequelae. 

Careful,  persistent  attention  at  this  time  will  lessen  the  likelihood 
of  sterility  or  of  subsequent  abortion.  The  cow  may  well  be  bred  at 
the  first  opiK)rtunity  after  the  vaginal  discharge  disappears,  since, 
other  things  being  equal,  the  likelihood  of  conception  is  greater. 
Whether  or  not  this  procedure  will  prove  to  be  economically  worth 
while  will  dei)end  upon  local  circumstances.  One  can  aflFord  to  do 
much  to  check  this  malady  at  its  outset  or  at  any  time  if  one's  herd  is 
especially  valuable. 

As  to  Sterility 

Sterility  may  or  may  not  yield  to  treatment.  A  good  veterinarian 
should  be  able  to  advise  as  to  probabilities  in  a  given  case.  It  is  for  the 
owner  to  say  whether  the  cow  is  worth  the  trouble,  the  game  worth 
the  candle. 

Sterility  is  evidenced  by  repeated  failure  to  conceive.  It  is  often 
only  indirectly  due  to  the  abortion  organism.  It  is  quite  apt  to  be  the 
result  of  what  is  known  as  a  "mixed  infection,"  to  the  growth  of 
several  sorts  of  microorganisms,  especially  those  producing  pus,  favored 
by  the  lowered  vitality  or  resistance  due  to  the  primal  infection.  A 
retained  afterbirth  is  quite  likely  to  induce  the  growth  of  the  pus  form- 
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ing  organisms.     Other  causes,  such  as  high  feeding,  insufficient  exer- 
cise or  genital  malformation,  may  also  be  responsible  for  this  condition. 

Adequate  stable  sanitation,  an  adequate  food  supply,  annual  or 
semi-annual  blood  tests  of  each  cow,  the  isolation  or  removal  of  all 
reactors,  purchases,  if  made,  of  calves  rather  than  of  heifers  or  mature 
cows  and  all  blood-tested ;  these  are  the  safeguards  which  lessen  the 
likelihood  of  the  introduction  of  infection  and  tends  to  control  it  if 
introduced.  This  procedure  has  worked  when  rigorously  enforced. 
In  some  instances  sporadic  cases  have  occurred,  in  which  event  prompt 
measures  have  prevented  further  spread. 

An  adequate,  well-balanced  and  varied  food  supply,  with  an  ample 
ash  content ;  complete  removal  of  afterbirth ;  burning  or  deep  burial  of 
the  aborted  foetus  and  of  all  contaminated  bedding ;  drenching  floors, 
gutters,  etc.  with  disinfectants;  isolation  of  known  aborters  and  of 
cows  harboring  the  germs;  possibly  vaccine  treatment  two  months 
l)rior  to  calving ;  these  are  safeguards, which  tend  measurably  to  control 
the  disease  when  it  has  a  foothold,  ^^jorocedure  has  also  worked 
when  rigorously  enforced.  Not  that  everyNfeof  abortion  has  been 
aborted  but  that  the  sweep  of  the  disease  has  be^li^ecidedly  lessened. 

It  is  quite  impossible  to  state  how  long  it  wilPftif^  ^"  ^  given 
case,  carrying  out  the  procedure  suggested,  essentially  to  ?i^^*^^^^     ^ 
disease.     It  has  taken  at  least  two  years  in  some  herds.     Mar!^  tactors 
enter  in  to  make  prediction  unsafe,  among  them  being  the  virufi"^^  ^ 
the  infection,  the  age  of  the  cows,  the  possibility  of  reasonably  ^°"'' 
j)lete  isolation  of  aborters,  of  adequate  disinfection  of  the  animal*" 
the  premises,  etc. 

Stable  Disinfection 

Stable  disinfection  may  be  accomplished — not  absolutely  but  rela- 
tively— by  the  removal  of  all  loose  litter  from  the  floors,  mangers, 
etc.,  by  sweeping  and  scrubbing  all  surfaces,  including  the  ceiling  and 
by  applying  some  reliable  disinfectant  properly  prepared.     Whitewash,       \ 
sunlight  and  adequate  ventilation  help.  ^ 

Infectious  abortion  disease  may  do  less  damage  as  a  rule  in  ill-kept 
herds,  but  sanitary  precautions,  unless  based  on  a  clear  understanding 
of  the  fundamental  cause  of  the  disease,  can  not  control  it.  In  short, 
the  identification  and  isolation  at  critical  times  of  all  carriers  and  dis- 
seminators of  the  abortion  organism,  be  they  "aborters"  or  not,  is  the 
first  commandment  in  the  combat  with  this  disease.  To  whitewash,  to 
disinfect,  to  vaccinate,  to  drug,  to  enlist  all  the  forces  of  prophylaxis 
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will  not  be  sure  to  be  of  avail,  if  a  seeder  is  left  to  recontaminate  the 
premises. 

THE   maternity  STABLE 

Pasteurization  of  milk  products  fed  to  calves  or  pigs  and  care 
in  respect  to  milk  usage  would  close  that  door  of  infection.  However, 
it  is  less  easy  to  insure  against  infection  when  any  and  every  cow  may 
be  a  suspect.  Schroeder^  suggests  a  "maternity  stable,"  a  bovine  "lying- 
in  hospital"  as  it  were,  to  which  all  cows  are  removed  as  parturition  ap- 
proaches or  abortion  seems  imminent  for  housing  until  all  abnormal 
vaginal  discharges  have  ceased.  Obviously,  whenever  either  normal  or 
abnormal  calving  occurs,  everything  which  can  convey  the  disease, 
aborted  foetuses,  afterbirths,  discharges,  etc.,  should  be  destroyed  in 
such  complete  fashion  as  to  prevent  danger  to  other  cattle,  for  the 
reason  that  every  product  and  by-product  of  abortion  is  actually  and 
all  by-products  of  normal  calving  are  potentially  dangerous  material. 

The  writer  has  come  to  the  conclusion  as  a  result  of  more  than  30 
years  of  contact  with  this  disease,  that  more  than  any  other  one  thing 
the  isolation  of  the  cow  at  and  following  calving  is  the  prime  factor, 
the  most  feasible  method  of  control.  The  maternity  stable  need  not 
be  an  expensive  affair.  It  well  might  cost  far  less  than  an  epidemic  of 
abortion.  It  separately  houses  the  cow  during  the  two  or  three  weeks 
when  she  may  be  a  source  of  danger  to  her  mates,  for  the  bacilli  are 
not  thrown  off  in  large  numbers  except  during  this  short  period. 

4.      CURE 

This  system  naturally  appeals  to  a  generation  which  has  faith  in 
drugs.  Furthermore,  other  infectious  diseases  have  yielded  to  remedial 
treatment  and  why  not  abortion? 

Several  proprietary  or  patent  medicines  are  advertised  as  sure 
cures,  but  their  use  is  rarely  advised  by  the  veterinary  profession. 
Several  suggestions  have  been  made  along  the  line  of  the  use  of  cura- 
tive agents  by  some  of  the  stations.  Laudanum,  carbolic  acid,  methyl- 
ene blue,  cresol  and  other  drugs  have  been  employed;  vaccines  and 
bacterins  have  been  injected.  Apparent  or  partial  successes  seem  to 
have  been  attained  in  some  cases  but  the  certain  specific  is  yet  to  be 
discovered.     (In  this  connection  note  the  statements  concerning  methyl- 


»  Jour.  Amer.  Vet.  Med.  Assoc,   (n.  s.)   4.  p.  173   (1920). 
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ene  blue,  i)p.  4-8,  cresol,  pp.  5-8,  and  the  vaccines  and  bacterins.  pp. 
27-28.) 

And  yet  many  still  pin  their  faith  on  "cures."  It  is  well  under- 
stood in  human  medicine  that  insidious,  chronic  maladies  sometimes 
seem  cured  when  in  reality  they  are  not  cured ;  that  apparent  or,  indeed, 
actual  improvement  ensuing  when  environmental  conditions  are  bet- 
tered misleads  the  patient  and  his  friends  as  to  its  cause ;  that  the  patent 
medicine  industry  is  predicated  upon  this  optimistic  trait  of  human 
nature.  Furthermore,  as  has  heretofore  been  pointed  out,  the  more 
or  less  self -limiting  nature  of  infectious  bovine  abortion  is  apt  to  induce 
an  inaccurate  estimate  on  the  part  of  the  laity  as  to  cause  and  effect. 

Some  day  the  fight  will  be  won — although  at  present  it  is  not  clear 
how  it  will  be  done.  Possibly  some  veterinarian  Coue  in  due  time  may 
induce  bovine  auto-suggestion  and  then  **day  by  day  in  every  way"  the 
cow  will  grow  bigger  and  bigger  until  full  fruition. 
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SUMMARY 

Sterility  is  a  common  condition  among  fruit  plants.  It  assumes 
divers  aspects  in  different  species  and  varieties.  Among  the  usual 
manifestations  of  sterility  are:  Imperfection  in  structural  arrange- 
ments of  the  sex  organs,  unequal  maturity  of  the  sexes,  natural  im- 
potency  of  pollen,  imperfect  development  of  male  cells,  inheritance  of 
sexual  defects  and  separation  of  sexes,  as  is  common  with  strawberries. 

The  cultivated  varieties  of  strawberries  manifest  nearly  all  de- 
grees of  sexual  vitality  from  absolute  sterility  on  the  one  hand  to  com- 
plete fertility  on  the  other,  although  any  given  variety  may  possess 
much  constancy  in  its  condition  of  fertility. 

Several  years  ago  Richardson  (19)  defined  six  degrees  of  perfect- 
ness  or  imperf ectness  as  applied  to  the  strawberry : 
"1.     Females  with  male  organs  undeveloped. 

2.  Females  with  most  of  the  female*  organs  atrophied  or  hyper- 

trophied  and  inefficient,  no  male  organs. 

3.  True  hermaphrodites  with  both  male  and  female  organs  un- 

developed. 

4.  Males  with  the  female  organs  undeveloped. 

5.  Males  with  the  female  organs  only  developed  in  a  few  flowers, 

generally  the  first  flowers  provided  in  each  truss. 

6.  Flowers  with  neither  organ  developed,  or  with  the  female 

organs  hypertrophied." 

Certain  intermediate  forms  exist  that  do  not  seem  to  conform  to 
any  of  these  classes. 

The  genus  Fragaria  is  a  variable  one.  Botanists  do  not  agree  as 
to  the  exact  limits  of  the  several  species.  F.  virginiana  and  F.  chiloen- 
sis,  the  accepted  parents  of  the  commonly  cultivated  varieties,  show 
much  variation  in  their  structural  parts  and  in  respect  to  functional 
attributes. 

The  early  and  some  of  the  recent  literature  of  the  strawberry  sug- 
gests some  connection  or  relation  between  the  sex  of  the  plant  and  the 
nature  of  its  environment.  Such  varieties  as  Stirling  Castle,  Crescent, 
Keens'  Seedling  and  Royal  Hautbois  are  reported  as  showing  diverse 
degrees  of  fertility  in  different  places,  a  circumstance  similarly  re- 
ported among  apples,  pears  and  cherries. 
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Nutritional  experiments  carried  on  at  this  Station,  using  different 
soils  with  increasing  amounts  of  a  high  grade  commercial  fertilizer  and 
with  nitrate  of  soda  and  with  carbon  dioxid  used  as  an  aerial  fertilizer, 
do  not  seem  in  any  respect  whatsoever  to  have  induced  modification  of 
the  sexual  structure  of  the  plants  or  to  have  made  them  more  fertile 
or  less  sterile. 

Sterility  in  the  individual  flowers  of  a  truss  may  be  associated 
with  structural  defects  in  pollen  cell  development,  but  with  many 
varieties  it  is  manifested  in  the  dissociation  of  the  sexes,  a  condition 
which  antedates  the  creation  of  the  cultivated  varieties  and  is  to  be 
found  among  the  native,  and  exotic  parent-species.  In  some  cases  it 
is  due  to  the  unequal  maturity  of  the  sexes. 

It  is  possible  to  trace  the  unisexual  structure  of  many  varieties  of 
the  strawberry  to  the  parent  variety  or  even  to  the  parent  species.  The 
unisexual  condition  is  common  among  F,  virginiana  and  F,  chiloensis. 
In  81  instances  among  pistillate  varieties  of  known  history  listed  by 
Fletcher  (9)  it  has  been  possible  to  find  an  immediate  parent,  a  grand- 
parent or  a  great-grandparent  that  was  also  pistillate.  Hovey,  Wilson, 
Sharpless  and  Crescent,  pistillate  varieties  of  the  early  days,  have  been 
the  progenitors  respectively  of  51,  41,  69  and  63  pistillate  varieties. 
Several  breeders  of  new  varieties  have  reported  the  origin  of  new 
pistillate  varieties  among  the  progeny  secured. 

The  question  whether  the  bisexual  or  the  unisexual  type  is  the 
more  primitive  form  is  a  moot  one.  It  may  never  be  settled.  How- 
ever, this  is  a  somewhat  remote  point  in  reference  to  this  general  prob- 
lem of  sterility,  although  obviously  it  is  of  general  scientific  interest. 

In  the  course  of  the  conduct  of  the  trials  herein  reported,  breeding 
experiments  were  conducted  with  large  numbers  of  plants  over  a  series 
of  years  in  order  to  ascertain  the  behavior  of  sex  when  perfect  and 
imperfect  flowered  varieties  were  crossed.  Nineteen  thousand,  eight 
hundred  and  forty-two  plants  were  used,  three  distinct  species  and  13 
varieties,  four  being  pistillate  and  nine  staminate. 

Open  and  self-pollinations  were  made  with  the  bisexual  varieties 
to  determine  their  fixity  and  stability  as  perfect  flowered  forms.  Few 
showed  any  appreciable  amount  of  sexual  hybridity,  the  final  figure 
being  less  than  3  percent.  Open-pollinated  imperfects  (Cardinal, 
Haverland,  Warfield)  yielded  progeny  45  percent  of  which  was  of  a 
pistillate  nature. 

Self-pollinated  perfect  varieties  (nine  varieties  and  three  separate 
species)  produced  over  90  percent  of  perfects  in  the  first  and  over  99 
percent  in  the  second  generation, 
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Crosses  between  a  unisexual,  such  as  Warfield,  and  the  bisexual 
varieties  (Barrymore,  Dickey,  Gandy,  Golden  Gate)  yielded  in  first 
generation  progeny  approximately  equal  numbers  resembling  either 
parent,  in  the  second  generation  one  imperfect  to  106  perfect,  and  in 
the  third,  one  to  27.  Crosses  of  other  imperfects  (Haverland,  Cardinal, 
Sample),  with  different  perfect  varieties  afforded  similar  results. 

Back-crosses  were  made  between  some  of  the  progeny  of  these 
crosses  and  their  perfect  parents.  In  some  cases  the  imperfects  of  the 
first  generation  were  used  and  in  other  instances  the  perfects.  When 
the  perfects  were  used,  about  equal  proportions  of  unisexual  and  bi- 
sexual forms  were  secured,  as  in  the  first  generation  of  regular  crosses ; 
when,  however,  the  perfects  of  the  first  generation  were  employed  the 
ratio  of  perfects  to  imperfects  was  such  as  to  recall  the  days  of  1896 — 
for  it  was  16  to  1. 

These  numerous  breeding  experiments  have  shown  not  only  that 
dissociated  sexes  in  the  strawberry  can  be  brought  together,  but  also 
that  a  segregation  of  united  sexes  can  be  effected  once  the  cross  has 
been  made.  This,  however,  does  not  mean  that  it  is  possible  to  segre- 
gate the  sexes  of  any  or  all  perfect  flowered  plants,  for  that  is  deter- 
mined by  their  genetic  constitution. 

The  fundamental  causes  of  sterility  are  deep  seated  and  relate 
to  the  history  of  the  plants,  their  ancestral  forms  and  their  genetic 
constitution.  The  three  manifestations  of  sterility,  namely,  defective 
pollen,  dichogamy  and  unisexuality,  are  expressions  of  inherited  char- 
acteristics. The  problem  is  phyletic.  Its  solution  might  tell  how 
sterility  came  to  be — ^how  plants  got  that  way.  A  knowledge  of  the 
raison  d'etre  of  sexuality  among  cultivated  plants  is  to  be  sought  in  the 
structures  and  function  of  the  ancestral  forms.  Hybridity  is  an  un- 
doubted cause  and  inheritance  the  connecting  and  preserving  link. 

The  possibility  of  reestablishing  the  missing  sex  organs  has  been 
demonstrated  experimentally.  It  is  an  accomplished  fact.  However, 
the  question  is,  is  it  possible  to  do  this  without  effecting  other  changes 
or  introducing  new  characteristics  which  serve  to  modify  the  varietal 
type  of  the  inbred  form? 

A  study  was  made  of  the  American  varieties  of  strawberry  with 
reference  to  inheritance  of  quality,  shape,  season  of  maturity,  runner 
formation,  color  of  flesh,  flavor  of  berries,  surface  color  of  fruit  and 
size  of  berries.  These  indicate  a  distribution  of  attributes  among  the 
progeny,  in  which  there  is  a  rather  wide  scattering  of  variety  factors. 
This  "splitting  up"  or  segregation  of  separate  factors  furnishes  addi- 
tional evidence,  if  needed,  of  the  hybrid  nature  of  strawberry  varieties. 
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However,  certain  results  suggest  the  probable  trend  of  inheritance. 
Some  degree  of  blending  occurred  with  respect  to  quality,  yet  some 
good  quality  offspring  were  derived  from  poor  or  fair  quality  parents. 

There  was  much  segregaticm  in  respect  to  shape  of  berry.  For 
example,  more  than  half  of  one  lot  of  24  varieties  produced  berries 
that  were  round-conic  in  shape  like  those  of  both  parents,  yet  in  four 
instances  they  were  simply  conic  and  in  two  were  simply  round. 

The  seven  sets  of  crosses  which  were  studied  in  reference  to  season 
of  ripening  showed  a  strong  tendency  toward  intermediacy  between 
the  seasons  of  the  parents. 

The  offspring  fell  into  groups  with  respect  to  runner  formation 
which  were  either  like  their  parents  or  closely  related,  but  never  re- 
motely related. 

Five  sets  of  crosses  were  made  and  four  color  groups  constituted 
in  the  studies  of  color  of  flesh.  The  shades  of  flesh  color  in  the  off- 
spring are  much  like  those  of  the  parents.  Segregation  and  scattering 
into  many  classes  occurred  with  respect  to  flavor.  When,  however, 
sweet  and  sour  berries  were  crossed  as  nearly  as  might  be  equal  num- 
bers of  progeny  resembled  each  parent. 

A  comparative  study  was  made  of  the  sexually  inbred  progeny 
and  the  parent  varieties  as  a  corollary  of  the  sterility  experiment,  in 
order  to  determine  the  merits  and  demerits  of  the  new  forms  and  to 
ascertain  their  ancestral  resemblances. 

The  general  effect  of  crossing  Warfield,  a  pistillate,  with  the 
staminate  varieties  (Barrymore,  Gandy,  Dicky,  Golden  Gate)  has  been 
to  delay  the  season  of  ripening  by  several  days  and  slightly  to  modify 
certain  unessential  structures  or  qualities.  The  crosses  were  not  violent 
but  narrow  and  did  not  permit  of  great  contrasts  or  offer  much  oppor- 
tunity for  segregation. 

The  crosses  between  Haverland,  a  pistillate,  and  the  staminate 
sorts  (Golden  Gate,  Marshall,  Gandy,  Dicky)  gave  new  plants  of  ex- 
cellent quality  which  showed  a  distinct  persistence  of  the  Haverland 
characteristics  despite  the  sharp  contrasts  between  the  parents  in 
several  details  of  structure. 

The  progeny  of  Sample,  a  pistillate,  and  certain  staminate  varieties 
(Excelsior,  Gandy,  Longfellow)  gave  in  the  first  instance  forms  that 
were  like  Excelsior  in  only  two  particulars,  namely,  medium  size  of 
berries  and  small  size  of  calyx.  There  were  no  essential  differences  in 
the  progeny  of  Sample  and  Gandy. 

The  crossing  of  early  and  late  season  varieties  seemed  to  result 
in  the  production  of  midseason  sorts.     Although  the  flavor  of  berries 
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among  the  varieties  used  had  but  a  narrow  rangne,  yet  the  different  acid 
qualities  as  recorded  show  intermediacy  of  flavor  with  a  tendency 
toward  the  milder  of  the  two  degrees  of  acid  quality  of  the  parents. 

In  seed  placement  two  types  were  observed;  protruding  as  in 
Warfield,  Gandy  and  Haverland,  and  depressed  as  in  Excelsior,  Barry- 
more,  Golden  Gate  and  Sample.  When  there  was  a  contrast  in  the 
parent  forms,  the  progeny  showed  segregation  rather  than  intermediacy. 

Core  structures  apparently  did  not  exhibit  any  degree  of  con- 
sistency in  inheritance. 

These  breeding  trials  indicate  that  it  is  possible  to  reestablish  the 
missing  sex  without  material  and  concomitant  change  of  the  inbred 
variety,  provided  the  selected  pollenizer  possesses  similar  rather  than 
unlike  varietal  characteristics. 

DISCUSSION  OF  THE  STERILITY  PROBLEM 

Sex  in  Strawberries 

A  survey  of  sex  in  the  cultivated  varieties  and  among  the  wild 
species  reveals  what  many  growers  recognize  and  what  writers  have 
announced,  namely,  that  strawberry  plants  have  many  kinds  and  de- 
grees of  perfectness  or  imperfectness  in  sexual  construction.  There 
are,  according  to  Richardson's  (19)  classification: 
"L     Females  with  male  organs  undeveloped. 

2.  Females  with  most  of  the  female  organs  atrophied  or  hyper- 

trophied  and  inefficient,  no  male  organs. 

3.  True  hermaphrodites  with  both  male  and  female  ot^ans  un- 

developed. 

4.  Males  with  the  female  organs  undeveloped. 

5.  Males  with  the  female  organs  only  developed  in  a  few  flowers, 

generally  the  first  flowers  provided  in  each  truss. 

6.  Flowers  with  neither  organ  developed,  or  with  the  female 

organs  hypertrophied." 
The  writer  has  found  all  of  these  types  except  type  4  which  he 
has  never  seen  and  has  not  been  able  to  secure  or  produce.  Such  a 
type  may  exist,  but  if  so  it  must  be  very  rare.  Moreover,  type  3  as 
defined  is  rare,  for  generally  hermaphrodites  are  well  developed.  It 
is  common  among  growers  to  recognize  only  three  forms  of  sexual 
construction,  namely,  perfect,  imperfect  and  semi-perfect.  These, 
with  the  exception  of  the  semi-perfect  ones,  which  are  rather  uncom- 
mon, occur  in  trade  varieties  in  large  numbers. 
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How  we  came  to  have  these  different  forms  and  their  significance 
in  pomology  are  matters  for  discussion  and  investigation.  It  is  not 
likely  that  all  forms  came  into  existence  at  the  same  time.  One  type 
probably  antedates  the  others.  One  form  is  parental  while  others  are 
oflFspring  or  variations.  If  the  unisexual  form  was  the  ancestral  one 
then  the  bisexual  type  has  probably  been  produced  by  hybridization. 

A  study  of  sterility  among  strawberries  represents  simply  one 
phase  of  the  larger  problem  of  sterility  among  cultivated  fruits  as  a 
whole.  The  genus  Fragaria  was  used  for  this  purpose  at  this  Station 
more  particularly  because  of  its  convenient  size  and  the  short  time 
required  for  new  generations.  The  general  problem  of  sterility  is  a 
broad  one  with  many  side  lines.  It  is  also  a  diverse  one.  It  has  many 
aspects  and  is  related  to  many  plants  of  widely  different  nature  and 
structure.  In  general,  the  forms  of  sterility  may  be  classified  as  those 
due  to  imperfection  in  structural  arrangement  of  blossoms ;  to  unequal 
maturity  of  the  sexes;  to  unfruitful  habit  of  growth;  to  natural  im- 
potency  of  pollen ;  to  the  use  in  propagation  work  of  partial  or  ccmi- 
pletely  sterile  buds,  grafts,  or  stolons;  and  to  inheritance,  or  trans- 
mission of  sexual  defects.  This  latter  cause — inheritance  or  transmis- 
sion  of  sexual  defects — ^is  the  one  stressed  in  this  bulletin. 

Fragaria  a  Variable  Genus 

The  genus  Fragaria  is  a  most  flexible  and  unstable  group  of  plants, 
and  there  are  many  variable  forms  within  it.  Deviations  from  the 
normal  type  may  be  either  structural  or  functional,  the  one  being  as 
common  as  the  other  and  both  being  often  seen  in  conjunction.  Bota- 
nists do  not  agree  as  to  the  exact  limits  of  a  species,  some  recognizing 
more  forms  than  others.  Several  sub-species  can  be  made  of  the  group 
Fragaria,  as  is  noted  herewith.  Fragaria  monophylla  has  but  one  leaf ; 
F.  virginiana  often  divides  at  the  crown ;  F.  vesca  as  an  alpine  form 
may  produce  white  berries;  F.  chiloensis  produces  innumerable  run- 
ners and  behaves  differently,  both  sexually  and  productively,  in  dif- 
ferent climates  and  soils.  There  is  also  a  runnerless  variety,  F.  efla- 
geUa,  which  is  said  to  be  unable  to  form  runners,  while  F.  elatior  excells 
in  its  ability  to  produce  runners.  Species  elatior,  chiloensis,  and  ii>- 
giniatia  show  different  degrees  and  manners  of  abortiveness.  as  do 
many  cultivated  varieties  derived  from  these  species.  The  form  F. 
collina  is  classed  as  dwarf  under  normal  conditions  either  in  Ae  wild 
or  under  cultivation.  Some  forms  of  F.  collina  are  further  distin- 
guished and  designated  as  variety  abortiva,  because  of  their  sterile 
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Pistillate  (upper)  and  staminate  (lover)  flower  types;  the  former  showing 
traces  of  defective  stamens  and  poUenless  anthers.  The  lower  figure 
Illustrates  a  perfect  staminate  flower. 
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nature.  The  anthers  are  large  but  carry  no  pollen.  White  forms  of 
F.  vesca  and  virginiana  are  not  uncommon  in  America.  The  Pan- 
American,  progenitor  of  the  race  of  North  American  everbearing  straw- 
berries, possesses  the  everbearing  habit  to  such  a  marked  d^ree  that 
it  seems  to  have  lost  its  capacity  for  runner  formation  and  is,  therefc^e, 
propagated  only  by  division  of  the  crown.  Again  the  Bush  Alpine 
strawberry  forms  no  rtumers  and  must  be  propagated  by  seeds.  The 
ability  of  the  everbearing  sorts  to  product  flowering  stems  from  the 
axils  of  some  leaves  from  the  main  stem  represents  another  departure 
from  the  original  Fragaria  type,  and  serves  incidentally  to  differentiate 
the  everbearing  forms  from  the  "one  season"  cnq)  plants.  Moreover, 
variations  or  varieties  within  the  species  occur  almost  without  number ; 
scHne  as  chance  seedlings,  others  resulting  f  rcHn  definite  crosses,  still 
others  reverting  to  primitive  forms,  and,  finally,  we  have  the  fall 
bearing  varieties,  originating  from  adventitious  buds  at  the  base  of 
old  leaves.  Many  of  these  deviations  from  the  norm,  perhaps  all  of 
them,  may  be  attributed  to  recent  or  latent  hybridity,  to  some  method  of 
propagation  or  to  the  peculiarity  of  environment  Jeffry  (15)  believes 
there  is  general  genetic  impurity  among  all  Rosaceae,  of  which  family 
Fragaria  is  a  member.  If  this  supposition  is  correct,  the  sterility  prob- 
lem embraces  a  most  important  group  of  economic  plants. 

The  problem  as  discussed  in  this  bulletin  is  that  of  the  missing 
sex,  how  it  came  to  be  missing,  and  how  to  deal  with  the  situation 
created  by  its  loss.    The  approach  is  from  three  points  of  view : 

1.  The  influence  of  environment  on  the  sex  of  plants,  as  shown  in 
nutritional  trials. 

2.  The  history  of  varieties  and  the  sexual  nature  of  ancestral 
species  and  varieties  in  r^;ard  to  their  relation  to  cultivated  varieties. 

3.  The  inheritance  and  transmission  of  sex  as  shown  in  breeding 
experiments. 

Sexuality  and  Environment 

STERILITY  observations   AND   NUTRITION  TRIALS 

It  is  suggested  in  the  literature  of  strawberry  culture  that  external 
conditions  are  somewhat  influential  in  determining  the  sex  of  straw- 
berries. For  instance,  Thomas  (23)  states  that  die  variety  Crescent, 
which  is  generally  imperfect,  sometimes  produces  a  few  stamens  under 
conditions  of  rich  culture.  Stirling  Castle  is  reported  by  Castle  (5) 
as  being  self-fertile  in  England  but,  when  transferred  to  the  United 
States,  as  becoming  self-sterile.    Keens'  Seedling  is  said  by  Darwin 
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(7)  to  be  perfect  in  England  and  imperfect  in  America.  Fletcher  (10) 
reports  that  Crescent,  like  some  other  pistillates,  may  at  times  produce 
enough  pollen  for  crossing.  Again,  the  Royal  Hautbois  has  been  as- 
siuned  to  be  of  the  same  nature,  for  it  is  said  to  be  fertile  in  the  warm 
soils  of  Surry  and  Kent,  while  on  the  cold  soils  of  Bedfordshire  it  is 
found  to  be  infertile  on  account  of  the  apparent  suppression  of  stamens. 
Another  and  more  rational  explanation,  however,  has  been  given  for 
the  strange  behavior  of  this  variety  by  Darwin  (7),  who  states  that  the 
true  Hautbois  (F.  elatior)  properly  bears  male  and  female  organs  on 
separate  plants  that,  consequently,  the  species  has  been  designated 
dioecia  and  that  it  frequently  produces  hermaphrodites.  By  propagating 
these  latter  forms  and  destroying  others,  Lindley  has  succeeded  in  estab- 
lishing a  prolific  race  of  perfect  flowered  plants.  Darwin  also  records 
his  observation  to  the  effect  that  when  strawberries  are  forced  in  hot- 
houses the  varieties  are  more  apt  to  be  imperfect  than  when  grown 
under  garden  conditions.  This  dual  behavior  as  to  sex  is  not  peculiar 
to  strawberries,  for  sterility  is  not  a  constant  factor.  It  has  been  ob- 
served that  pears,  cherries  and  apples  are  variable  in  their  degree  of 
infertility  in  different  sections  of  the  country. 

In  discussing  sex  in  fruit,  Bailey  (2)  calls  attention  to  the  tendency 
to  unisexuality  and  suggests  that  it  must  be  a  general  trend  toward 
dichogamy.  This  writer  states  that  increased  amelioration  of  fruit 
imposes  a  severe  tax  upon  plant  energies,  and  to  meet  this  condition 
plants  must  of  necessity  economize.  The  result  seems  to  be  a  sexual 
defect  resulting  in  impotency  of  pollen  and  elimination  of  one  sex. 
Bailey  further  expresses  the  opinion  that  sterility  is  hastened  by  high 
cultivation. 

Wray  (25)  states  that  all  hermaphrodite  strawberry  plants  appear 
to  become  more  or  less  imperfect  as  they  get  older,  until  in  some  cases 
they  fail  to  bear  a  single  perfect  berry.  Even  the  very  best  her- 
maphrodites in  the  course  of  a  few  years  exhibit  this  inherent  tendency 
to  become  infertile.  Observations  in  Alaska  by  Georgeson  (11)  are 
to  the  effect  that  environment  has  much  to  do  with  sex  and  fertility, 
since  wild  forms  of  F.  chiloensis  may  be  found  that  are  staminate  and 
sterile,  as  well  as  pistillate.  The  plants  luxuriate  along  the  beaches, 
yet  in  good  soil  produce  no  fruit  whatsoever  because  of  the  formation 
of  innumerable  runners.  Fruitage  occurs  in  Alaska  only  when  the 
plants  are  grown  in  poor  and  somewhat  sterile  soil. 

Pritchard  (18)  and  Schaffner  (21)  show  that  there  is  considerable 
variation  in  the  sexual  expression  of  hemp  under  certain  environmental 
conditions ;  and  V.  R.  Gardner,  in  an  unpublished  study  on  the  nutri- 
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tion  of  the  strawberry,  reports  that  the  Dunlap  variety  exhibits  some 
instability  of  sexual  construction  under  different  conditions  of  food 
supply. 

The  preceding  citations  of  the  dual  behavior  of  strawberries  as 
regards  sex  and  sterility  seem  to  be  in  harmony  with  the  results  set 
forth  in  numerous  reports  touching  the  inconstancy  of  fertility  of  many 
orchard  fruits.  For  instance,  the  Yellow  Newton,  Rhode  Island  Green- 
ing and  Grimes  Golden  apples  have  repeatedly  been  listed  as  self -sterile 
in  one  place  and  self-fertile  in  another.  The  Bartlett  pear  is  reported 
as  self-fertile  in  New  Mexico,  whereas  elsewhere  in  this  country  it 
is  reported  as  largely  if  not  wholly  self-sterile.  Sweet  cherries  also 
show  variation  in  degrees  of  sterility  in  different  sections  and  modifica- 
tion as  to  intersterility.  These  cases  point  clearly  to  the  fact  that 
sterility  is  not  a  constant  factor  among  fruit  plants. 

Schaffner  (21),  as  a  result  of  his  studies,  advances  the  following 
interesting  ideas  which  are  pertinent  to  the  study  of  the  sterility 
problem : 

"In  its  simplest  form  it  (sexuality)  is  a  physiological  difference 

expressed  only  in  the  developing  sexual  cells In  at  least 

the  vast  majority  of  cases,  and  probably  in  all,  the  sexual  condition  is 
simply  a  state  of  the  living  substance  which  may  continue  for  a  greater 
or  less  length  of  time  before  a  neutral  state  or  the  opposite  sex  condi- 
tion is  set  up 

"Sex  appears  in  some  way  to  be  associated  with  physiological  and 
chemical  states  of  the  living  protoplasm.  It  is  perhaps  most  reason- 
able to  assume,  at  present,  that  a  certain  organization  or  complexity 
of  the  cell  is  necessary  before  sexual  states  originate.  But  it  is  not 
true,  on  the  other  hand,  that  these  states  are  necessarily  set  up  at  any 
stage  of  the  life  history  even  in  organisms  that  have  the  essential  com- 
plexity  

"In  the  higher  plants  the  reduction  of  chomosomes  has  nothing  to 
do  with  the  maleness  or  femaleness  of  the  gametophyte.  The  determi- 
nation of  the  sex  takes  place  in  the  vegetative  tissues  of  the  sporophyte. 
Whatever  it  is  that  determines  that  the  given  tissue  shall  develop  as  a 
megasporophyll  or  a  microspoporphyll  also  determines  absolutely  the 
sex  of  the  following  generation  of  gametophytes." 
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VERMONT  TRIALS :  SOIL,  FOOD,  SEX 

In  view  of  the  results  secured  by  others  and  cited  above,  indicating 
the  probable  effect  of  soil  fertility  on  the  sex  nature  of  strawberry 
plants,  it  seemed  desirable  to  pursue  this  line  of  investigation  in  con- 
nection with  the  studies  in  hand.  For  this  purpose  a  lot  of  small  plants 
taken  as  offsets  were  employed.  The  variety  used  was  Crescent  (pis- 
tillate) which  is  often  reported  as  producing  some  pollen  under  certain 
cultural  conditions,  possibly  enough  for  the  self-pollination  of  some 
of  its  flowers. 

A  fertilizer  mixture  carrying  4  percent  nitrogen,  7  percent  avail- 
able phosphoric  acid,  and  8  percent  potash  was  applied  at  rates  ranging 
from  500  to  4,000  pounds  per  acre.  The  plants  were  grown  in  pots, 
the  amount  of  fertilizer  for  each  lot  being  prepared  in  advance  of  pot- 
ting. Furthermore,  soils  of  different  types  and  fertility  values  (clay, 
clay  loam,  potting  soil,  sandy  loam,  sand,  and  greenhouse  loam)  were 
used.     Table  I  sets  forth  the  outcome  of  these  trials. 

Table  I. — Relation  of  Soil  and  Febtilizbb  to  Blossom  Production 

CRESCENT    STRAWBERRIES,    ALL   BLOSSOMS    PISTILLATE 

Influence  of  Soil  on  Blossom  Production 
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Influence  of  Fertilization  on  Blossom  Production 
(4-7-8  mixture,  plants  In  pots) 
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Neither  modification  of  soil  texture  or  character  nor  of  fertilizer 
application  altered  the  sexual  construction  of  the  plants.  The  nature 
of  the  soil  was  effective  only  in  changing  the  number  of  the  blossoms. 
Extremes  in  soil  texture,  namely,  clay  and  sand,  reduced  the  number 
of  blossoms,  while  commercial  fertilizers  used  at  different  strengths 
stimulated  neither  stamen  nor  pollen  production.  With  but  a  single  ex- 
ception, sand,  the  average  numbers  of  blossoms  were  in  the  following 
order  and  ratio:  2-year  old,  100;  1-year  old,  70;  3-year  old,  44. 

Effect  of  Nitrate. — Nitrate  of  soda  was  applied  dissolved  in  water 
in  order  to  determine  its  possible  effect  on  the  sexual  development  It 
was  first  applied  on  small  plants,  just  large  enough  to  be  well  rooted, 
about  three  months  before  the  time  they  were  due  to  blossom.  Weekly 
applications  were  made  by  dissolving  a  given  weight  in  a  definite 
volume,  two  strengths  being  used,  0.1  and  0.2  percent  concentration. 
Several  plants  were  watered  with  dissolved  nitrate,  each  specimen  re- 
ceiving 125  c.  c.  weekly  for  12  weeks.  Two  varieties  were  used — 
Glen  Mary,  a  semi-perfect,  and  Crescent,  an  imperfect.  Many  more 
blossoms  were  produced  on  the  fertilized  than  on  the  check  plants  but 
the  sexual  structures  remained  unchanged. 

Effect  of  Carbon  Dioxid} — If  nutrient  supply  can  affect  the  sexual 
nature  of  a  plant,  it  well  may  be  that  that  derived  from  the  air  may  be 
as  effective  as  that  derived  from  the  soil.     Carbon  dioxid  was  supplied 


»See  Vt.  Sta.  Bui.  211,  pp.  44-45   (1918). 


'Haver/ano 

Haverland  P  and  Gandy  S,  showing  in  fruit  ami  leat  above;  parent  charac- 
teristics in  leaf  and  blossom  below;  am)  the  product  of  the  cross — No. 
256 — In  the  middle  In  both  cases.  The  cross  resulted  In  larger  berries. 
In  Begregated  blossoma,  and  In  lnterme<llate  leaf  margin  characters. 
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to  semi-perfect  strawberry  plants  from  a  gas  generating  apparatus, 
the  carbon  dioxid  being  liberated  about  the  foliage.  The  Glen  Mary, 
a  weak  pollen  producing  variety,  was  used.  The  plants  were  submitted 
to  the  usual  pre-forcing  treatment,  were  refreshed  for  a  week  and 
then  divided  into  two  groiips,  treated  and  check.  The  gas-treated  lot 
was  dosed  for  185  days  (November  17,  191S-May  19,  1916),  during 
which  time  400  grams  sodium  bicarbonate  and  equivalent  amounts  of 
sulphuric  acid  were  used  daily  and  116  liters  of  carbon  dioxid  evolved. 
The  plants  were  grown  in  uncovered  glass  boxes  measuring  52  x  28 
X  12  inches.  They  began  to  blossom  February  4,  from  which  date  notes 
on  flower  structure  were  recorded.  The  results  of  the  test  are  shown 
below : 

TaBIJS  II. — INFI.UENCK  OF  CaRBON   DiOXID  ON  StAMEN  PRODUCTION 

Number  of  Average  number  of  Average  number  of 

Treatment  plants  blossoms  per  plant         stamens  per  blossom 

CO,    15  40.6  30.4 

Untreated    15  27.7  29.3 

The  treated  plants  produced  on  the  average  13  more  blossoms  per 
plant  than  did  the  untreated  ones,  but  neither  was  the  average  number 
of  stamens  per  blossom  nor  their  pollen  content  increased.  The  Glen 
Mary  variety  is  semi-perfect.  Stamen  and  pollen  production  during 
the  early  part  of  the  blossoming  period  is  scant  or  nil  and  at  best  it  is 
insufficient  later  on.  Neither  the  earliness  nor  the  lateness  of  stamen 
or  pollen  production  was  affected  by  carbon  dioxid  dosage. 

It  was  thought  that  possibly  carbon  dioxid  dosage  might  favorably 
affect  the  offspring  of  the  treated  plants.  In  order  to  determine  this 
matter  it  became  necessary  to  secure  fruits  from  treated  plants,  to 
grow  seedlings  from  them  and  to  continue  the  treatment  on  the  new 
generation.  A  number  of  self-fertilized  fruits  was  secured  from  which 
new  plants  were  grown  and  treated  as  were  their  parents,  the  seed- 
lings being  dosed  with  gas  before  the  flower  buds  had  formed.  In  all 
respects  the  results  were  similar  to  those  secured  with  the  first  genera- 
tion. The  number  of  flowers  was  somewhat  increased  but  neither  the 
sexuality  nor  the  fertility  was  preceptibly  modified. 

The  effect  of  carbon  dioxid  dosage  on  unisexual  varieties,  like  the 
Crescent,  was  also  tested.  No  material  change  was  wrought  in  these 
imperfect  forms.  No  intermediate  stages  of  sexual  development  were 
secured. 

The  experimental  results  secured  by  others  and  heretofore  cited 
(pages  12-14)  as  to  the  presumed  influence  of  environment  in  modifying 
the  sex  of  plants  to  the  contrary  notwithstanding,  in  view  of  the  nutri- 
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tional  trials  reported  herewith  (pages  15-17)  and  in  recognition  of 
breeding  experiments  reported  elsewhere  (pages  21-27),  the  writers 
deem  it  very  unlikely  that  nutritional  factors  can  furnish  a  basis  for 
the  mechanism  of  sex  determination.  If,  however,  the  determining 
factors  hang  in  the  balance,  the  plane  of  nutrition,  be  it  balanced  or 
unbalanced,  sufficient  or  insufficient,  conceivably  might  exert  some  in- 
fluence. However,  the  germinal  basis  for  sexual  dimorphism  and 
unisexuality  can  scarcely  be  attributed  to  the  nature  or  the  extent  of 
the  food  supply. 

UNISEXUALITY  ANTEDATES  CULTIVATION 

Pistillate  varieties  antedate  the  beginning  of  the  cultivation  of  the 
strawberry  plant.  Pistillate  forms  were  recognized  among  the  native 
species  of  North  and  South  America.  In  the  Bailey  revision  of  Gray's 
Field,  Forest  and  Garden  Botany  (12),  the  following  species  were 
classed  as  more  or  less  dioecious:  F.  vesca,  Lin.,  from  Europe; 
F.  moschata  Duch. ;  the  Hautbois  from  Europe,  F.  elatior;  F.  tnr- 
giniana,  Duch.,  the  wild  strawberry  of  the  United  States ;  F.  chUoensis, 
Duch.,  the  garden  strawberry  from  Chile,  which  is  one  of  the  accepted 
parents  of  the  cultivated  varieties  of  the  present  time.  The  only  other 
species  recognized  by  this  authority  is  F,  indica,  Ands.,  the  Indian  straw- 
berry, which  is  perfect  in  its  sexual  parts. 

The  introduction  of  the  Chilean  strawberry  into  Europe  was  due 
to  a  French  officer,  Frezier — ^as  cited  by  Bunyard  (4).  Frezier  found 
this  strawberry  both  wild  and  cultivated,  during  his  travels  in  1776, 
and  its  large  size  induced  him  to  attempt  its  introduction  into  Europe. 
The  long  journey  from  Chile  to  France  and  the  scarcity  of  fresh  water 
made  the  importation  of  the  plants  a  matter  of  some  difficulty  and  only 
five  specimens  survived.  One  of  these  was  planted  near  Brest  and 
became  the  parent  of  the  strawberry  industry  carried  on  in  that  district. 
The  surviving  quintet  all  happened  to  the  "the  females  of  the  species," 
hence  for  a  time  no  fruit  was  secured  because  of  the  lack  of  pol- 
lenizers.  Fruit  was  only  produced  when  the  immigrants  were  supplied 
with  pollen  from  one  of  the  other  species  then  growing  in  France. 
F.  chUoensis  is  found  wild  in  Chile  and  in  Alaska  and  on  the  Pacific 
Coast  region  of  North  America.  Clausen  (6)  writes  that  this  species 
occurs  in  California  and  was  used  by  Etter  in  breeding  the  Ettersburg 
strawberries  which  are  known  locally  as  "sand"  or  "beach"  strawberry. 
The  Chilean  parentage,  in  part,  of  our  cultivated  strawberries  was 
established  by  Bailey  and  f  rcmi  these  findings  it  seems  likely  that  Elton's 
Seedling,  Keens'  Seedling,  and  other  pistillate  varieties  of  those  early 
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days  inherited  this  imperfect  character  from  their  Chilean  ancestor.  It 
is  likely  also  that  Hovey  and  Haverland,  which  show  this  same  sexual 
imperfection,  inherited  it  from  the  Chilean  species.  Still  more  recently, 
Fletcher  (8)  has  traced  the  ancestry  of  the  cultivated  strawberry 
and  finds  evidence  of  F.  virginiana  heritage  among  the  descendants. 
Even  so,  its  seems  that  modern  pistillate  varieties  have  inherited  their 
imperfections  from  uncultivated  pistillate  forms  of  either  F.  virginiana 
or  F.  chiloensis  or  both,  for  both  were  evidently  more  or  less  unisexual 
in  the  early  days  as  they  are  now. 


It  has  been  reported  that  the  Chilean  form  did  not  vary  materially 
under  cultivation.  Even  one  hundred  years  after  it  was  introduced 
there  were  only  a  few  well  recognized  varieties.  F.  vesca  is  also  be- 
lieved to  have  been  very  unproHfic  in  ^ving  rise  to  varieties.  More- 
over, it  has  been  our  experience  at  this  Station  that  the  native  straw- 
berry when  grown  in  the  greenhouse  responds  but  slightly  to  cultural 
conditions,  except  when  it  has  been  hybridized. 

It  does  not  appear  that  strawberries  "run  out"  although  there  is 
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current  opinion  to  this  effect.  It  is  more  correct  to  say  that  varieties 
disappear  frcnn  the  trade  and  are  supplemented  by  new  sorts.  How- 
ever, the  reason  for  such  disappearance  is  not  deterioration,  but, 
rather,  a  desire  to  eliminate  old  varieties  and  to  create  a  demand  for 
new  ones.  In  other  words,  trade  exigencies  are  apt  to  furnish  the 
impelling  reason.  It  is  characteristic  of  human  nature  to  chase  after 
strange  gods,  to  welcome  new  things,  to  essay  the  unknown ;  and  the 
nursery  trade  is  not  the  only  one  to  capitalize  this  trait. 

To  controvert  the  idea  that  varieties  run  out  one  may  cite  three 


cases :  The  red-fruited  Chilean  has  been  grown  in  the  highlands  of 
Peru  since  1557,  for  nearly  four  centuries,  and  it  does  not  appear  to 
have  deteriorated.  The  Large  Early  Scarlet  retained  its  prominence 
in  western  New  York  for  nearly  75  years.  It  is  extremely  doubtful  if 
any  current  variety  can  hold  undisputed  sway  for  over  20  years,  as 
did  the  Wilson.  Those  varieties  that  have  been  produced  by  hybridiza- 
tion may  change  their  character  or  "run  out"  as  a  result  of  the  acquisi- 
tion of  new  attributes,  which  really,  in  a  way,  make  them  into  different 
sorts.  Hybridization  seems  a  likely  factor — perhaps  the  sole  one — in 
accounting  for  either  unsexuality  or  bisexuality  among  strawberries. 
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BREEDING  WORK  ELSEWHERE 
Sterility  Studies 

The  sterility  of  fruit  plants  has  been  the  subject  of  serious  atten- 
tion among  pomologists  for  some  years,  but  very  little  study  has  been 
given  to  the  strawberry  until  recently.  Scarcely  any  attempts  have 
been  made  toward  reestablishing  the  missing  or  non-functional  sex. 
A  few  of  the  more  direct  contributions  to  our  knowledge  of  strawberry 
sterility  deserve  attention  in  connection  with  the  survey  of  the  results 
secured  in  the  present  investigations.  No  attempt  is  made  to  review 
the  literature  on  general  sterility,  but  only  such  as  is  pertinent  to  the 
problem  of  sterility  among  strawberries. 

Valleau  (24)  found  various  degrees  of  pollen  abortion  due,  he  be- 
lieved, to  the  production  of  staminoda  which  rarely  develop  as  far  as 
the  pollen  mother-cell  stage,  and  cites  as  a  cause  for  such  lack  of  de- 
velopment a  condition  due  to  improper  chromosome  combination.  He 
states  that  many  varieties  are  heterozygous  for  certain  factors.  Val- 
leau seems  inclined  to  accept  the  idea  that  hermaphrodites  have  been 
derived  from  staminates  of  the  wild  dioecious  forms. 

In  an  incomplete  study  of  inheritance  of  sex  in  strawberries, 
Anthony  (1)  found  that  when  imperfects  were  pollinated  with  perfects, 
nearly  half  of  the  offspring  were  like  one  parent  and  the  rest  like  the 
other;  that  when  perfects  were  pollinated  with  perfects,  with  some 
exceptions,  the  progeny  were  nearly  all  perfect;  and  that  among  the 
crosses  in  which  Prolific,  Sharpless,  Fort,  Marshall,  and  Quality  were 
used,  the  results  were  irregular  and  abnormal.  These  latter  cases, 
however,  as  their  ancestry  seems  to  indicate,  may  be  due  to  parental 
impurity. 

In  a  preliminary  account  of  his  studies  of  sex,  Richardson  (19), 
reported  that  he  had  difficulty  in  securing  pure  males  in  the  crosses 
of  F.  chiloensis  and  F.  virginiana,  and  in  selfing  hermaphrodites,  pre- 
dicted, but  did  not  prove,  that  most  characteristics  in  these  species 
can  be  segregated. 

In  noting  the  sex  nature  of  offspring  from  open  pollinated  straw- 
berries, Macoun's  (17)  published  statements  indicate  that  sometimes 
the  staminate  and  sometimes  the  pistillate  character  predominates.  For 
instance,  the  progeny  of  Wm.  Belt  gave  Hermia,  which  has  perfect 
flowers,  and  Portia,  Viola  and  Virgilia,  which  have  imperfect  ones. 
The  seedlings  from  Bubach,  which  of  itself  is  imperfect,  gave  Cordelia, 
Lucetta,  Mariana  and  Miranda,  which  were  all  bisexual,  but  also  Cas- 
sandra, Desdemona  and  Julia,  which  were  unisexual.     The  male  parent 
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in  all  these  cases  was  unknown  for  the  blossoms  were  open  pollinated. 
It  is  possible  that  in  some  of  these  cases  one  parent  was  prepotent  over 
the  other,  yet  Macoun  preferred  the  opinion  that  the  sex  of  the 
offspring  is  a  matter  of  inheritance.  Among  the  early  records  of  Fuller, 
cited  by  Hedrick  (14)  it  was  noted  that  "in  growing  seedlings  from 
pistillate  strawberries  not  more  than  one  in  ten  retained  the  pistillate 
character."  KefFer  (16)  made  notes  on  the  character  of  seedlings  of 
some  imperfect  varieties  of  strawberries  as  follows:  Warfield  2nd, 
a  pistillate  variety,  gave  rise  to  814  seedlings,  of  which  290  were  per- 
fect and  524  pistillate ;  Lady  Rusk,  a  pistillate,  gave  822  seedlings,  of 
which  383  were  perfect  and  499  imperfect ;  Crescent,  which  is  pistillate, 
gave  2,044  seedlings,  of  which  853  were  perfect  and  1,191  imperfect; 
Bubach  5,  gave  394  seedlings,  of  which  188  were  perfect  and  206  im- 
perfect ;  Gandy,  a  perfect  form  but  a  weak  pollen  producer,  gave  166 
seedlings,  of  which  104  were  perfect  and  62  imperfect.  These  records 
indicate  that  the  sex  nature  of  seedlings  shows  a  tendency  to  follow 
that  of  the  mother  plant.  It  is  presumed  that  at  least  one  parent  in 
each  case  was  perfect,  not  merely  staminate,  and  in  the  last  instance 
both  may  have  been  more  or  less  perfect  flowered. 

Parentage  of  Pistillate  Varieties 

A  review  of  the  literature  of  strawberry  varieties  affords  interest- 
ing evidence  of  the  probable  origin  of  pistillate  varieties.  The  most 
recent  and  authentic  history  of  varieties  has  been  set  forth  by  Fletcher 
(9),  whose  list  embraces  1,879  varieties  originating  in  North  America. 
From  this  list  it  has  been  possible  to  trace  the  ancestry  of  many  varieties 
of  pistillate  strawberries.  Only  402,  or  less  than  one-fourth  the 
total  number  were  pistillates.  In  81  instances,  where  the  varietal  his- 
tory is  complete,  pistillate  ancestry  can  be  proven. 

One  of  the  immediate  parents  of  the  following  62  varieties  was 
pistillate : 

Anna  Kennedy  Dora  Methven  Scarlet 

Arrow  Early  Harvest  Mrs.  Fisher 

Auburn  Elma  Nettie 

Berlin  Enormous  Ona 

Bessie  Fleming  Oriole 

Big  Bob  Goldsborough  Paul  Jones 

Bird  Haverland  Peak's  Emperor 

Black  Prince  Hazel  Productive 

Bush  Cluster  Heath  Purdue 
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Buster 

Ham 

Reba 

Cardinal 

Itasca 

Red  Prolific 

Carrie 

July 

Rival  Hudson 

Carrie  Silvers 

T-atest 

Shuster 

Cassandra 

Lehigh 

Steven's  Early 

Cloud 

Lida 

Stone 

Collingwood 

Longfield 

Tom  Walker 

Colonel  Cheney 

Louis  Hubach 

Velvet 

Columbia 

Lyon 

Warfield 

Columbus 

Magnate 

Westbrook 

Cornucopia 

Mele 

Windsor. 

DeWet 

Mellie  Hubach 

One   of   the   grandparents   of   the   following   15   varieties   \ 
Hate : 

Backett's  Prolific 

Frances  Cleveland 

Malvina 

Banquet 

Gold 

Monroe  Scarlet 

Black  Beauty 

Green  Prolific 

Mote's  Seedling 

Burr's  New  Pine 

Hovey 

Mottier's  Seedling 

Daisy 

Ionia 

Moyamensing 

One  of  the  great-grandparents  of  the  following  four  varieties  was 
pistillate : 

Edgar  Queen  General  Putnam         Huddleston's  Favorite 

'Shephard 

The  only  pistillate  varieties  among  the  402  which  apparently  do 
not  possess  pistillage  ancestry,  were  Dunmore  and  Lady  of  the  Lake, 
but  since  their  early  history  is  somewhat  obscure  these  exceptions  may 
not  be  real  ones.  Nothing  can  be  stated  as  to  the  remaining  319  pistil- 
late varieties  listed  by  Fletcher,  since  their  origin  is  not  definitely 
known. 

The  variety  Hovey  which  was  introduced  into  America  in  1834 
and  was  one  of  the  early  varieties  of  a  pistillate  nature,  is  held  by  some 
to  have  been  the  predecessor  of  all  our  commercial  sorts.  Bailey  once 
wrote  that  he  thought  all  the  early-day  varieties  came  directly  from 
the  Chilean  species,  which  has  always  been  more  or  less  dioecious. 

Among  the  fall,  or  everbearing,  varieties  which  are  mostly  of 
recent  development,  the  segregation  of  sexes  appears.  For  instance, 
Productive  and  Autumn  are  imperfect,  while  Superb  and  Progressive 
are  perfect.  Autumn  was  produced  from  seeds  of  Pan-American, 
which  in  turn  was  from  a  seedling  plant  known  as  Bismarck.     Francis 
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and  Americus,  two  perfect  varieties,  were  produced  by  crossing  Pan- 
American  and  Louis  Gauthier. 

When  the  prolific  character  of  certain  pistillate  varieties  of  the 
early  days  is  considered  it  is  easy  to  understand  the  rapid  appearance 
of  the  unisexual  forms.  For  instance,  there  are  51  varieties  of  the 
lineage  of  Hovey,  41  of  the  Wilson,  69  of  the  Sharpless,  and  63  of  the 
Crescent,  all  varieties  of  much  prominence  in  strawberry  history.  It 
is  significant  that  so  many  pistillate  varieties  show  not  merely  a  pos- 
sible but  a  probable  ancestral  origin  of  their  pistillate  nature. 


There  is  some  difference  of  opinion  as  to  which  sex  type — stami- 
nate  and  bisexual,  or  pistillate  and  unisexual — is  the  more  primitive 
form,  a  point  which  may  never  be  settled  by  proof  and  may  not  be 
of  importance;  but  even  so,  one  may  say  that  if  the  bisexual  type  is  the 
more  primitive  one,  then  the  unisexual  form  is  a  later  descendant, 
the  product  of  a  cross,  and  has  appeared  as  the  persistent  sex  of  a  once 
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perfect  flowered  strawberry  plant.  Or,  otherwise,  if  the  unisexual 
type  antedates  the  bisexual,  then  the  latter  is  a  hybrid  produced  by  a 
cross  with  a  unisexual. 


Lineage  of  Four  Varieties 

The  probable  genealogy  of  four  varieties  of  strawberry  has  been 
worked  out  at  this  Station  and  is  displayed  diagrammatically  herewith. 
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Lineage  of  four  varieties,  indicatinig  derivation  of  pistillates  and  staminates 
and  the  Intermediate  forms,  from  their  probable  ancestral  species. 

The  Chilean  and  Virginian  species  are  there  shown  as  the  pro- 
genitors of  the  cultivated  berries  of  the  United  States.  Among 
the  four  varieties  selected  to  illustrate  the  lineal  descent  were  two 
pistillate  sort — Cardinal  and  Haverland,  one  perfect  or  bisexual — 
Dunlap,  and  one  semi-perfect — Excelsior. 

The  Cardinal  came  from  the  Warfield  which  was  also  pistillate 
and  was  the  product  of  a  cross  between  Crescent  which  is  pistillate  and 
Wilson  which  is  staminate.  The  mixed  ancestral  derivation  of  the 
Wilson  is  shown,  namely:  Hovey,  Black  Prince  and  Ross  Phoenix; 
the  first  of  this  trio  being  semi-perfect;  often  recorded  as  pistillate  to 
staminate,  the  second  pistillate;  and  the  third  staminate.  Since  the 
origin  of  Black  Prince  is  unknown,  the  further  lineal  history  of  Cardinal 
is  restricted  either  to  Ross'  Phoenix,  thence  to  Keens*  Seedling,  Keens' 
Imperial,  White  Carolina,  and  to  the  Pines,  or  to  Hovey,  which  is 
reported  to  have  arisen  from  Keens'  Seedling  crossed  with  either  Melon 
or  Methven  Scarlet.  Since  both  Keens'  Seedling  and  Melon  come 
from  the  Pines  it  is  quite  certain  that  the  line  of  descent  of  Hovey  also 
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traces  directly  back  to  the  Pines.  If,  however,  Methven  Scarlet  was 
one  of  the  parents  of  Hovey,  it  would  appear  that  there  was  an  intro- 
duction of  still  more  of  the  virginiana  strain  into  the  make-up  of 
Hovey,  In  any  case  the  "Pine,"  which  is  believed  to  be  the  result  of  a 
cross  between  F.  chiloensis  and  F.  virginiana,  was  at  least  one  of  the 
progenitors  of  the  Cardinal. 

It  is  thus  seen  that  the  pistillate  character  of  Cardinal  can  be  traced 
back  through  at  least  four  ancestral  varieties  and  that  where  crosses 
occurred  at  least  one  parent  was  known  to  be  pistillate.  A  number  of 
prominent  varieties  were  in  this  ancestral  line,  a  fact  which  accentuates 
the  importance  of  tracing  this  genealogy  since  Cardinal  was  one  of  the 
varieties  used  in  the  Vermont  breeding  experiments. 


Kxcna'  SEBDuira 
(Courtesy  of  the  UacmllUn  Co.) 

The  origin  of  Haverland,  another  pistillate  variety,  is  of  interest. 
Haverland  is  the  product  of  a  cross  between  Sharpless,  a  staminate  and 
Crescent,  a  pistillate.  Sharpless  came  supposedly  from  Charles  Down- 
ing, which  in  turn  came  from  Downer's  Prolific,  which  was  a  seedling 
variation  of  a  native  Illinois  plant,  known  as  F.  illinoenjis,  a  variety  of 
F.  virginiana,  a  dioecious  species.  The  origin  of  Crescent  is  not 
known,  although  it  is  the  pistillate  parent  of  Warfield,  thus  being  only 
two  generations  removed  from  Cardinal. 
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The  genealogy  of  Excelsior  was  also  traced.  Its  immediate  parems 
were  Wilson  and  Hoffman,  both  of  which  were  staminate.  The  Hoff- 
man line  stops  with  Neunan  which  was  also  staminate ;  but  the  Wilson 
line  embraces  the  trio,  Ross'  Phoenix,  Black  Prince  and  Hovey,  the 
latter  being  semi-perfect,  as  is  also  Excelsior.  It  is  thus  seen  that 
Excelsior  has  much  the  same  lineage  as  has  been  followed  out  for 
Cardinal. 

The  bisexual  character  of  the  Dunlap  can  be  traced  back  through 
several  generations  of  bisexual  parent  varieties.  It  is  probable  that 
either  Sucker  State  or  Cumberland  Triumph  was  the  male  parent  of 
Dunlap.  In  either  case  the  line  of  descent  goes  back  to  the  varieties 
which  resulted  from  the  cross  between  F,  virginiana  and  F.  chUoensis. 
Despite  the  fact  that  there  was  a  pistillate  variety  as  one  parent  in  some 
of  the  crosses,  there  seems  to  be  an  unbroken  line  of  bisexuals  all  the 
way  on  the  male  side;  and  since  the  Chilean  and  Virginian  ancestors 
were  more  or  less  dioecious — some  males,  some  females  and  some 
bisexuals — ^the  connection  between  these  ancestral  species  and  the 
present  day  varieties  seems  quite  probable.  The  fact  that  some  were 
produced  laterally  on  the  line  from  the  Pines  to  the  Dunlap,  for  in- 
stance, is  believed  to  be  due  to  the  linkage  of  factors,  in  one  case  for 
unisexuality  and  in  the  other  for  bisexuality,  thus  yielding  "pure" 
pistillate  and  "pure"  staminate  varieties. 

POLLINATION  TRIALS  AT  THIS  STATION    . 

The  preceding  brief  review  of  literature,  together  with  citations 
of  limited  trials  by  several  investigators,  clearly  indicate  the  need  of 
further  and  more  extensive  experimental  work;  hence  the  breeding 
trials  reported  herewith. 

Twelve  varieties  were  grown  under  conditions  affording  open- 
pollination.  Considerable  numbers  set  fruit.  Plants  were  raised  from 
these  open-pollinated  fruits  and  in  due  time  their  floral  structures  were 
observed  and  recorded. 

There  were  five  perfect  flowered  varieties  (Barrymore,  Gandy, 
Golden  Gate,  Longfellow,  Marshall)  which  yielded  940  plants  of  which 
927  or  98.6  percent  were  perfect  like  the  mother  plant.  There  were 
three  imperfect  varieties  (Cardinal,  Haverland,  Warfield)  which 
yielded  557  plants,  305  of  which  were  perfect,  resembling  some  un- 
known paternal  parents  and  250  imperfect  like  their  maternal  parent^ 
thus  manifesting  a  segregation  of  sexes  in  slightly  unequal  numbers, 
44.9  percent  being  like  the  mother  plant. 
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Glen  Mary,  a  semi-perfect  variety,  set  seed  enough  to  yield  290 
plants,  262  of  which  were  perfect,  23  imperfect  and  five  semi-perfect. 

Among  the  exotic  varieties  or  species,  there  were  151  Hautbois 
and  37  Chilean  plants  under  trial  for  open-pollination  records.  These 
yielded  188  plants,  all  of  which  were  perfect  as  were  the  particular 
parents  from  which  they  were  grown. 

By  combining  all  data  from  these  first  generation  trials,  there 
were  found  to  be  1,975  plants  in  all,  1,682  of  which  were  perfect,  286 
imperfect,  and  seven  semi-perfect.  The  adjoining  table  gives  the  data 
for  the  several  varieties  in  each  group. 

Table  III. — Opbn-Pollinatd>  Plants 

SEX  OF  PBOGENY — ^FIBST  OSNEBATION 


Parent                         | 

Number  ol 

*  progeny 

*» 

»« 

Nature 

Variety 

tal 

1 

1 

i 

1 

il 

1    a 

9 

& 

if 

Perfect 


Imperfect 


Semi-perfect 
Bxotle 


All  plants 


Barrsrmore 
Gandy 
Golden  Gate 
Liongfellow 
Ifarshall 

Total 

Oardinal 

Hayerland 

Warfield 

Total 
Glen  Mary 

Hautbois 
Chilean 

Total 

Perfect 
Imperfect 
Semi-perfect 
Exotic 

Total 


47 
224 
349 
171 
149 


557 
290 

161 
37 


188 

940 
557 
290 
188 


47 
218 
345 
170 
147 


305 

262 

151 
37 


188 

927 
305 
262 

188 


0 
6 
4 
1 
2 


250 
23 

0 
0 


0 

13 

250 

23 

0 


2 
5 


100.0 
97.3 
98.9 
99.4 
98.7 


940 

927 

13 

•  • 

98.6 

184 

50 

134 

*  • 

72.8 

191 

112 

77 

2 

40.3 

182 

143 

39 

•   • 

21.4 

44.9 

1.7 

100.0 

ioe.0 


100.0 

98.6 

44.9 

1.7 

100.0 


1.975    1,682 


286 
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The  open-pollination  trials  were  continued  for  a  second  genera- 
tion but  with  fewer  varieties.     The  data  are  shown  in  table  IV.     Gandy 


Tabijb  IV. — Open-Polijnated  Plants 


BEX  OF  PBOGENY — SECOND  OENEEATION 


Parent                         j 

Number  of  progreny                     i 

** 

like 
her 

s 

<D^ 

Nature 

Variety 

t5 

1 

1^ 

u 

ntag 
ndm 

1 

« 

& 

1 

E 

li 

e 

e 

1 

sr 

Perfect 

Qandy 

167 

157 

0 

0 

100 

Golden  Gate 
Total 

31 

31 

0 

0 

100 

188 

188 

0 

0 

100 

Semi-perfect 

Glen  Mary 

27 

27 

0 

0 

0 

Exotic 

Hautbois 

39 

39 

0 

0 

100 

All  plants 

Perfect 

188 

188 

0 

0 

100 

Semi-perfect 

27 

27 

0 

0 

0 

Exotic 
Total 

39 

39 

0 

0 

100 

254 

254 

0 

0 

•   •   • 

and  Golden  (perfects)  combined  gave  188  plants,  all  of  which  were 
perfect.  Gandy  was  continued  to  a  third  generation  in  which  there 
were  15  plants,  all  of  which  were  perfect.  Glen  Mary  (semi-perfect) 
gave  a  total  of  27  plants,  all  of  which  were  perfect,  and  the  Hautbois 
39  plants,  all  of  which  were  likewise  perfect. 

The  sex  behavior  of  certain  open-pollinated  native  strawberries, 
F.  virginiana,  was  also  ascertained.  A  considerable  number  of  wild 
berries  were  gathered  and  572  plants  raised.  In  due  time  the  blossom 
data  were  collected  and  the  proportional  numbers  of  unisexual  and  bi- 
sexual plants  recorded,  276  being  perfect  flowered  and  296  imperfect. 
Although  the  exact  sexual  status  of  the  plants  from  which  the  berries 
came  was  not  ascertained,  many  of  them,  perhaps  half,  were  imperfect. 

In  the  abstract  the  preceding  data  are  of  little  value,  but  when 
considered  in  the  light  afforded  by  other  results,  they  seem  to  suggest 
some  degree  of  connection  between  the  sex  nature  of  the  parent  and  of 
the  offspring  among  strawberry  plants. 


SELF-POLLI NATION  TRIALS 


To  what  extent  are  the  bisexual  varieties  true  hermaphrodites? 
Are  they  fixed  and  stable  in  this  respect?  An  answer  to  this  question 
was  obviously  imperative  at  the  outset  of  our  trials. 
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The  subjoined  table  shows  the  results  of  the  first  generation  fol- 
lowing self-pollination  of  nine  cultivated  varieties,  of  one  exotic  and 
of  two  native  species. 

Tabu:  V. — ^Fibst  Generation  of  Sbi^ -Pollinated  Pbbfect  Vabxetibs 

Number  of  progeny 


Semi- 

Percentage 

Parent 

Total 

Perfect 

Imperfect 

perfect 

perfect 

Barrymore   

656 

602 

54 

•  • 

91.8 

Dicky 

541 

541 

0 

• « 

100.0 

Excelsior 

385 

384 

1 

•  • 

99.7 

Gandy    

468 

455 

9 

4 

97.2 

Golden  Gate 

180 

168 

4 

8 

93.4 

Longfellow  

141 

141 

0 

100.0 

MarshaU  

255 

220 

35 

86.3 

Dunlap 

667 

667 

0 

100.0 

Glen  Mary 

30 

16 

14 

53.3 

F.  chiloensi9 

184 

184 

0 

100.0 

F.  elatior 

803 

302 

1 

99.7 

F,  virginiana    

572 

276 

296 

48.3 

Total    

4,382 

3,956 

414 

12 

90.3 

Total  excluding 

three  species  and 

Glen  Mary  (small 

numbers)  3,293  3,178  103  12  96.6 

A  high  degree  of  purity  as  to  sex  is  revealed,  conforming  closely 
to  the  parent  type  of  flower.  Dicky,  Longfellow,  Dunlap  and  F,  chi- 
loensis  came  100  percent  perfect  like  their  respective  mother  plants, 
while  Excelsior  was  almost  so,  being  99.7  percent  perfect  in  flower 
structures.  However,  Marshall  returned  only  86  percent,  and  Glen 
Mary  only  53  percent  perfect.  Moreover,  the  native  plants  returned 
less  than  half  perfect  plants.  Exclusive  of  Glen  Mary,  F,  chiloensis, 
F.  elatior  and  some  native  forms,  the  percentage  of  sexual  perfectness 
is  96.5,  a  figure  near  enough  to  totality  to  justify  classifying  the  first 
eight  varieties  listed  in  table  V  as  stable  bisexual  forms. 

The  second  generation  of  self-pollinated  plants,  using  only  per- 
fects of  the  first  generation,  was  grown  with  the  following  results : 

Table  VI. — Second  Generation  of  Seia'-Polunated  Pebfbct  Varoribs 

Parent 

Barrymore  328 

Dicky  .. 
Excelsior 

Gandy   733 

Golden  Gate 
Longfellow  . 
Marshall   ... 

Dunlap 

F,  chiloensis 
F.  elatior  .. 
F,  virginiana 

Total 2,654  2,636  18  0  99.8 


Number  of 

progeny 

Semi- 

Percentage 

Total 

Perfect 

Imperfect 

perfect 

perfect 

328 

328 

0 

0 

100.0 

334 

334 

0 

0 

100.0 

240 

239 

1 

0 

99.6 

733 

716 

17 

0 

97.7 

149 

149 

0 

0 

100.0 

40 

40 

0 

0 

100.0 

195 

195 

0 

0 

100.0 

93 

93 

0 

0 

100.0 

190 

190 

0 

0 

100.0 

290 

290 

0 

0 

100.0 

62 

62 

0 

0 

100.0 
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Only  two  varieties,  Excelsior  and  Gandy,  lacked  or  failed  fully  to 
carry  the  necessary  factor  for  perfect  flowered  progeny.  Excelsior 
lacked  only  0.4  percent  for  perfect  flowered  progeny,  Gandy  disclosed 
2.3  percent  of  sexual  imperfection  in  the  second  generation.  Evidently 
these  two  varieties  were  more  difficult  than  the  other  nine  to  fix  as  con- 
stant bisexual  forms. 

The  self-pollination  trials  were  projected  into  the  third  generation 
in  the  case  of  Barrymore,  Dicky,  Excelsior,  Gandy  and  F,  chiloensis 
with  results  as  follows : 

Tabuc  VII. — Thibd  Genebation  of  Self-Polijnatbd  Pebfect  Vabieties 

Number  of  pros^eny 

Semi-        Percentage 
Parent  Total  Perfect  Imperfect       perfect  perfect 

Barrymore   124  117  7  0  94.4 

Dicky 25  25  0  0  100.0 

Excelsior 142  139  3  0  97.9 

Gandy    822  745  71  6  90.6     - 

Total    1,113  1,026  81  6  92^2 

F.  chiloensis   750  750  0  0  100.0 

AU  varieties 1,863  1,776  81  6  95.3 

In  this  last  instance  all  four  varieties,  Barrymore,  Dicky,  Excelsior 
and  Gandy,  gave  over  90  percent  perfect  flowered  progeny,  with  Dicky 
yielding  100  percent.  It  appears  that  some  varieties  are  difficult  to 
establish  as  absolute  bisexual  constants,  although  most  varieties  can  be 
fixed  so  as  to  yield  a  sufficiently  high  percentage  for  practical  purposes. 

STABILITY  OF  WEAK  POLLENIZERS 

There  are  several  varieties  of  strawberries,  such  as  Excelsior  and 
Glen  Mary,  which  have  been  classed  as  weak  poUenizers.  In  the  early 
part  of  their  blossoming  period  they  produce  but  little  pollen,  seldom 
enough  to  set  their  own  fruits.  Later  on  pollen  becomes  more  abun- 
dant. They  are,  therefore,  considered  poor  pollenizers  to  interplant 
among  pistillate  varieties.  Glen  Mary  is  regarded  by  some  straw- 
berry growers  as  semi-perfect  and,  therefore,  held  by  some  to  be  a 
transitional  form  between  the  perfects  and  the  imperfects.  If  this  is 
so,  it  might  be  considered  as  somewhat  unstable  in  its  sexual  mor- 
phology. It  seemed  desirable  to  pollinate  both  Excelsior  and  Glen 
Mary  and  observe  the  flower  structure  among  the  offspring.  Conse- 
quently a  large  number  of  plants  were  self- fertilized  and  the  sexual 
nature  of  their  offspring  observed  and  recorded. 
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The  21  Excelsior  plants  which  were  used  as  mothers  gave  rise  to 
324  new  plants,  all  but  four  of  which  were  perfect  in  their  blossom 
structure.  When  Glen  Mary  was  used,  23  out  of  25  came  true  to  the 
mother  plant  and  were  perfect  in  sexual  development ;  one  was  imper- 
fect while  the  other  bore  trusses  with  some  unisexual  arid  some  bisexual 
flowers.  The  unisexual  forms  were  so  few  in  number  that  it  was  im- 
possible to  recognize  any  appreciable  sexual  hybridity.  For  all  prac- 
tical purposes,  therefore,  the  mother  plants  were  found  to  be  sexually 
stable.  As  is  usually  the  case  with  Glen  Mary  and  Excelsior,  an  in- 
sufficiency of  pollen  was  produced  during  the  first  few  days  of  blos- 
soming. 

INHERITANCE  AND  TRANSMISSION  OF  SEX  IN  CROSSES 
BETWEEN  PERFECT  AND  IMPERFECT  VARIETIES 

The  third  phase  of  the  general  problem  of  sterility  had  to  do  with 
the  inheritance  and  transmission  of  sex  when  crosses  were  made  be- 
tween perfect  and  imperfect  varieties.  The  purpose  in  hybridizing 
unisexual  and  bisexual  forms  was  to  ascertain  the  possibility  of  in- 
breeding the  missing  sex.  The  imperfect  varieties,  Warlield,  Cardinal, 
Haverland  and  Sample,  were  crossed  with  Barrymore,  Dicky,  Gandy, 
Golden  Gate,  Marshall  and  Dunlap.  In  some  cases  the  progeny  were 
recrossed  with  the  stalninate  parent,  while  in  other  instances  the  per- 
fect flowered  plants  from  the  first  generation  were  self-pollinated  as 
indicated  in  the  subjoined  tables. 

WARFIELD  CROSSED  WITH  PERFECT  VARIETIES 

The  sexual  character  of  the  progeny  resuhing  from  the  crossing 
of  Warfield  with  perfect  forms  like  Barrymore,  Dicky,  Gandy  and 
Golden  Gate  is  shown  as  follows : 

Tabus  VIII.— Crosses  Between  Warfieij)  and  Pem-ect  Varieties 

Parents  Number  of  progreny  Percentaee 

Imperfect  Perfect  Generation     Total        Perfect    Imperfect        perfect 

Warfield  X  Barrymore  first  196  94  102  48.0 

second        181  164  17  90.6 

third  1  1  0  100 

Warfield  X  Dicky  first  217  96  121  44.2 

second        196  177  19  90.3 

Warfield  X  Gandy  first  349  190  159  54.4 

second     1,906         1,891  15  99.2 

third  298  287  11  96.3 

Warfield  X  Golden  Gate         first  57  29  28  50.9 

second        440  401  39  91.1 
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The  distribution  of  unisexual  and  bisexual  flowers  in  the  crosses 
as  presented  in  the  above  table  shows  the  first  trend  of  sex  inheritance. 

Warfield  crossed  with  Barrymore, — Warfield  is  one  of  the  best 
pistillate  varieties  on  the  market.  It  is  generally  recommended  because 
of  its  size,  general  attractiveness  and  especially  for  its  superior  ship- 
ping qualities.  It  originated  in  1885  as  the  supposed  product  of  a  cross 
between  Crescent  and  Wilson,  the  former  being  pistillate,  the  latter 
staminate.  Barrymore  is  a  bisexual  variety  of  unknown  origin,  al- 
though Sample  is  thought  to  have  been  one  of  its  parents.  As  a  result 
of  this  first  cross  196  plants  were  secured,  94  of  which  were  perfect 
and  102  imperfect.  When  the  perfect  forms  of  this  generation  were 
self -pollinated,  there  were  raised  181  plants,  164  of  which  were  perfect 
and  17  imperfect.  The  proportions  of  perfects  and  imperfects  in  the 
first  generation  were  closely  identical,  but  in  the  second  test  the 
selfing  process  seemed  to  show  that  some  of  the  perfects  in  the  first 
generation,  although  apparently  perfects,  in  reality  were  in  part  imper- 
fect, as  shown  in  the  segregation  which  occurred  upon  self-pollination, 
there  being  17  imperfects  that  were  dissociated  out  of  181  plants  of 
mixed  sexuality. 

Warfield  crossed  with  Dicky. — Dicky  is  a  perfect  flowered  variety, 
although  probably  hybrid  in  its  sexual  makeup,  for  one  of  its  parents 
(Sample)  is  pistillate.  As  a  result  of  crossing  Warfield  with  Dicky, 
217  plants  were  secured  which,  upon  flowering,  exhibited  96  perfect 
and  121  imperfect  plants,  a  ratio  of  approximately  four  to  five.  The 
high  proportion  of  unisexual  plants  probably  can  be  attributed  to  the 
occurrence  of  pistillate  forms  among  the  ancestors  of  both  Warfield 
and  Dicky,  despite  the  fact  that  the  apparent  pure  bisexuality  of  the 
latter  variety  was  exhibited  in  the  self-pollination  trials.  However, 
different  plants  were  used  in  the  two  experiments. 

Warfield  crossed  zvith  Gandy. — Gandy  is  a  bisexual  variety,  bearing 
both  stamens  and  pistils  of  good  vigor.  It  came  into  existence  as  the 
product  of  a  cross  between  Jersey  Queen,  a  pistillate,  and  Glendale, 
a  bisexual.  From  the  records,  it  appears  that  pistillate  ancestry  exists 
for  both  of  these  parent  varieties.  A  progeny  of  349  plants  was 
secured,  of  which  190  were  bisexual  and  159  unisexual.  There  were 
no  intermediate  forms.  Since  Warfield  bears  no  pollen  it  could  not 
have  been  "purified"  or  "fixed"  as  to  sex  and,  therefore,  was  probably 
more  or  less  hybrid  in  sexual  structure,  unless  it  is  assumed  that  its 
pistillate  character  is  a  Mendelian  segregation.  In  the  second  genera- 
tion of  self -pollinated  plants  all  but  15  of  the  1,906  plants  produced 
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were  perfect  (99.2  percent).     In  the  third  generation,  only  11  imper- 
pects  appeared  among  298  plants  (96.3  percent). 

Warfield  crossed  with  Golden  Gate. — The  Golden  Gate  variety  is 
recorded  as  being  staminate  to  semi-staminate.  It  originated  in  1903 
as  a  supposed  seedling  of  Marshall,  a  bisexual  variety  of  unknown 
parentage.  Fifty-seven  plants  were  secured,  29  of  which  were  perfect 
and  28  imperfect.  When  the  perfects  were  self-pollinated,  a  progeny 
of  440  was  secured,  401  of  which  were  perfect  and  39  were  imperfect 
(91.1  percent  perfect). 

When  Warfield,  an  imperfect  flowered  plant,  was  mated  with 
several  perfect  varieties,  a  nearly  equal  number  of  unisexual  and  bi- 
sexual plants  were  secured  in  the  first  generation.  When  perfects  of 
the  first  generation  were  self-pollinated,  a  preponderance  of  perfects 
resulted,  although  there  was  some  segregation,  and  a  few  more  imper- 
fects appeared,  showing  that  the  first  separation  on  the  basis  of  sex, 
while  not  absolutely  complete,  was  reasonably  so. 

HAVERLAND  CROSSED  WITH  PERFECT  VARIETIES 

Haveriand,  another  imperfect  flowered  plant,  was  mated  with  Bar- 
rymore,  Dicky,  (Jandy,  Golden  Gate,  Marshall  and  Dunlap — all  perfect 
flowered  forms,  with  results  as  shown  in  the  subjoined  table. 

Tabue  IX. — Cbosses  Between  Havebland  and  Pkbfbct  Vabxetibs 


Parents 


Imperfect 


Perfect 


Number  of 

proireny             | 

t5 

c 

• 

5 

5 

1 

1 

• 

S 

04 

E 

s 

• 


& 


& 


c 
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Haveriand  X  Barrymore 


Haveriand  X  Dicky 


Haveriand  X  Oandy 


Haveriand  x  Golden  Gate 


Haveriand  X  Marshall 


Haveriand  X  Dunlap 


first 
second 

39 
104 

18 
104 

21 
0 

0 
0 

46.2 
100 

first 

second 

third 

188 

197 

69 

96 

185 

69 

92 

12 
0 

0 
0 
0 

51.1 
93.9 
100 

fircrt 

second 

third 

114 

844 

90 

61 

844 

74 

53 

0 

11 

0 
0 
5 

53.5 
100 
82.2 

first 

second 

third 

122 

43 

111 

57 

43 

111 

65 
0 
0 

0 
0 
0 

46.7 
100 
100 

first 

second 

third 

68 
16 
35 

46 
16 
34 

22 
0 
1 

0 
0 
0 

67.6 
100 
97.1 

first 

6 

2 

3 

0 
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Haverland  crossed  with  Barrymore, — Haverland  is  a  pistillate 
variety  which  originated  in  1882  as  the  product  of  a  cross  between 
Crescent,  a  pistillate,  and  Sharpless,  a  perfect  variety,  and  was  intro- 
duced to  the  trade  in  1887.  Its  pistillate  character  was  probably  de- 
rived from  its  mother  (Crescent).  The  variety  Barrymore,  as  pre- 
viously mentioned,  is  a  perfect  variety,  whose  origin  is  not  definitely 
known.  The  progeny  obtained  as  a  result  of  the  cross  were  about 
evenly  divided  between  perfects  and  imperfects,  there  being  18  perfect, 
and  21  imperfect  plants.  When  the  perfect  plants  in  this  progeny  were 
self -pollinated,  there  resulted  104  plants,  which  were  all  perfect. 

Haverland  crossed  with  Dicky. — The  variety  Dicky  was  derived 
from  Sample,  a  pistillate,  crossed  with  Marshall,  a  perfect.  The  latter 
variety  probably  transmitted  all  of  its  sexual  structures  to  Dicky. 
With  Haverland  as  a  mother,  crosses  were  made  with  pollen  from 
Dicky.  As  a  result,  188  seedlings  were  secured  which,  upon  blossom- 
ing, gave  96  plants  with  perfect  flowers  and  92  with  imperfect  ones. 
In  the  first  generation,  the  sexes  appeared  in  nearly  equal  numbers.  In 
the  second  generation — secured  by  selfing  the  perfects  of  the  first  gene- 
ration— 197  plants  were  secured,  185  of  which  were  perfect,  and  12 
were  imperfect  (93.9  percent  perfect).  When  the  perfect  forms  de- 
rived from  the  self-pollinated  perfects  were  again  selfed,  there  were 
96  plants  all  of  which  were  perfect  flowered. 

Haverland  crossed  with  Gandy. — Gandy  is  a  perfect  flowered 
variety  which  originated  in  Newport,  N.  J.,  in  1885  as  the  product  of 
a  cross  between  Jersey  Queen,  a  pistillate,  and  Glendale,  a  staminate. 
With  the  first  named  variety  as  a  mother  plant,  22  plants  were  fer- 
tilized and  114  progeny  raised  from  the  cross,  61  of  which  were  perfect 
flowered  and  53  imperfect.  Following  self-pollination  of  some  of  the 
61  plants  which  were  perfect,  844  perfect  flowered  plants  were  secured, 
but  when  these  were  again  self-pollinated,  the  90  plants  produced 
showed  segregation,  for  there  were  74  perfect,  11  imperfect  and  five 
with  both  flower  types  on  the  same  truss.  This  late  segregation  seems 
like  a  reversion  to  Haverland  structures. 

Haverland  when  crossed  with  Golden  Gate,  Dunlap  and  Marshall 
afforded  results  similar  to  those  secured  with  Gandy,  Dicky  and  Barry- 
more. 

Table  X  sets  forth  the  number  of  perfect  and  imperfect  progeny 
resulting  when  Cardinal,  an  imperfect  variety,  was  crossed  with  three 
perfect  varieties  (Excelsior,  Longfellow  and  Dunlap)  and  when  Sample, 
another  imperfect,  was  crossed  with  three  perfects  (Excelsior,  Gandy 
and  Longfellow). 
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Table  X. — Cbo63B8  op  Cabdinal  and  Sample  With  Pbbfbct  Vabietibs 

r        -#  Parent*  .         „  Number  of  mrogeny  Percentage 

Imperfect  Perfect  Generation     Total        Perfect     Imperfect        perfect 

Cardinal  X  Excelsior  first  216  122  94  56.5 

second  17  17  0  100 

Cardinal  x  Longfellow  first  286  148  138  51.7 

second  45  45  4  100 

Cardinal  X  Dunlap  first  214  143  71  66.8 

second  53  53  0  100 

Sample     X  Excelsior  first  333  205  128  61.6 

second  27  27  0  100 

third  13  13  0  100 

Sample     x  Gandy  first  163  88  75  54 

second  97  97  0  100 

third  23  23  0  100 

Sample     X  Longfellow  first  66  44  22  66.7 

second  94  94  0  100 

Cardinal  crossed  with  Excelsior, — Cardinal  (of  Streator),  a  pistil- 
late variety,  is  a  supposed  seedling  of  Warfield,  also  a  pistillate  variety. 
Excelsior  (of  Hubach)  has  been  classed  as  a  semi-perfect,  possessing 
impotent  pollen  at  the  beginning  of  its  blossoming  period  but  produc- 
ing potent  pollen  later.  Two  hundred  and  sixteen  progeny  were  secured, 
122  of  which  were  perfect  and  94  imperfect.  In  the  second  generation, 
resulting  from  self-pollination  of  the  perfects,  17  plants  were  raised, 
all  of  which  were  perfect 

Cardinal  crossed  with  Longfellow, — This  cross  gave  286  plants, 
148  of  which  were  perfect  and  138  imperfect.  By  selfing  the  perfects 
48  plants  were  secured,  all  of  which  were  perfect  flowered. 

Cardinal  crossed  with  Dunlap. — The  Dunlap  variety,  of  which  is  of 
uncertain  sexual  ancestry,  when  crossed  with  Cardinal,  gave  214  plants, 
143  of  which  were  perfect  and  71  imperfect.  By  selfing  the  perfects 
there  came  into  being  53  new  perfect-flowered  plants. 

Sample  when  crossed  with  Excelsior,  Gandy  and  Longfellow 
afforded  results  similar  in  all  respects  to  those  secured  with  Cardinal. 

BACK-CROSSES  WITH   HAVERLAND  AND  WARFIELD 

Back-crosses,  known  as  sesqui-hybrids,  were  made  by  pollinating 
some  of  the  plants  derived  from  the  first  cross  with  the  paternal  parent 
of  the  first  cross.     The  data  appear  below : 


Sterility  of  Strawberries;  Strawberry  Breeding  37 

Tabub  XI. — ^Back-Cbosses  With  the  Pebfect  Pabent 

FIBST  GENBBATION 

Number  of  promny  Percentage 

Parents  Total         Perfect      Imperfect        perfect 

Haverland 

X  1-    X  Dicky  49  46  3  96.8 

Dicky 


X 


Haverland 

X  I    X  Golden  Gate  7  3  4  42.9 

Golden  Gate 

Warfleld 

X  \    X  Barrymore  510  247  263  48.4 

Barrymore 


}x 

}x 
} 


Warfleld 

X      >  X  Dicky  208      101      107       48.6 

Dicky 


Warfleld 

X  y    X  Golden  Gate  68  64  4  94.1 

Golden  Gate 


Total  842  461  381  54.8 


When  Dicky,  a  perfect,  was  used  to  back-pollinate  the  first  genera- 
tion derived  from  Haverland  crossed  with  Dicky,  only  the  segregated 
perfect  were  used  and  as  a  result  46  out  of  49  plants  were  perfect, 
while  only  three  were  unisexual.  The  back-cross  of  the  progeny  of 
Warfield  crossed  with  Golden  Gate,  which  was  re-pollinated  with 
Golden  Gate,  gave  64  perfects  out  of  a  possible  68,  there  being  only 
four  imperfects  that  were  segregated. 

In  the  other  three  cases  of  back-crossing  the  segregated  imperfects 
of  the  first  generation  were  used,  and  these  gave  results  similar  to 
those  secured  in  the  original  crosses  of  perfects  and  imperfects,  namely, 
nearly  equal  proportions  of  unisexuals  and  bisexuals.  Upon  self- 
pollination  of  the  perfects  a  replication  of  the  results  of  the  first  cross 
occurred,  for  all  the  progeny  came  perfect. 

Table  XI  set  forth  the  results  of  back-crossing  the  first  generation 
perfects  with  their  male  parents.  Table  XII  exhibits  the  progeny  which 
resulted  from  the  self-pollination  of  the  progeny  of  the  back-crosses. 
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Tabije  XII. — Back-Cbobsbs  With  the  Pebfect  Paeent 


SECOND  GENERATION 


Parents 


Haverland 

X 
Dicky 

Haverland 

X 
Golden  Gate 

Warfleld 

X 
Dicky 

Warfleld 

X 
Golden  Gate 


]x 


Dicky 


'    X  Golden  Gate 


X  Dicky 


} 


Golden  Gate 


Total 


Number  of  prosreny  Percentage 

Total  Perfect       Imperfect         perfect 


86 


31 


101 


76 


86 


31 


101 


76 


100 


100 


100 


100 


294 


294 


100 


CROSSES  OF  PERFECT  AND  IMPERFECT  VARIETIES 

Table  XIII  assembles  all  of  the  data  on  the  first  generation  crosses 


Table  XIII. — Combined  Table  of  Cbosses — ^Fibst  Generation 


Parents 

Number  of  progeny 

Percentage 

Imperfect 

Perfect 

Total 

Perfect 

Imperfect 

perfect 

Haverland 

X 

Barrymore 

39 

18 

21 

46.2 

Haverland 

X 

Dicky 

188 

96 

92 

51.1 

Haverland 

X 

Gandy 

114 

61 

53 

53.5 

Haverland 

X 

Golden  Gate 

122 

57 

65 

46.7 

Haverland 

X 

Marshall 

68 

46 

22 

67.6 

Haverland 

X 

Dunlap 
Total 

5 

2 

3 

40 

636 

280 

256 

52.2 

Warfleld 

X 

Barrymore 

196 

94 

102 

48 

Warfleld 

X 

Dicky 

217 

96 

121 

44.2 

Warfleld 

X 

Gandy 

349 

190 

159 

54.2 

Warfleld 

X 

Golden  Gate 
TotAl 

57 

29 

28 

50.9 

819 

409 

410 

49.9 

Cardinal 

X 

Excelsior 

216 

122 

94 

56.5 

Cardinal 

X 

Longfellow 

286 

148 

188 

51.7 

Cardinal 

X 

Dunlap 
Total 

214 

143 

71 

66.8 

716 

413 

303 

57.7 

Sample 

X 

Excelsior 

333 

205 

128 

61.6 

Sample 

X 

Gandy 

163 

88 

75 

54 

Sample 

X 

Longfellow 
Total 

66 

44 

22 

66.7 

562 

337 

225 

60 

Crosses  with  Haverland 

536 

280 

256 

52.2 

Crosses  with  Warfleld 

819 

409 

410 

49.9 

Crosses  with  Cardinal 

716 

413 

303 

57.7 

Crosses  with  Sample 

562 

337 

225 

60 

Total 


2,633 


1,439 


1.194 


64.7 
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and  enables  a  ready  comparison  of  the  inheritance  of  bisexual  and  uni- 
sexual flower  types  for  the  several  varieties  used.  In  mating  Haverland 
with  several  bisexual  forms  a  total  of  536  plants  were  obtained,  280  of 
which  were  bisexual  and  256  were  unisexual ;  in  mating  Warfield  with 
several  bisexuals  as  listed,  819  plants  were  secured  of  which  409  were 
bisexual  and  410  unisexuals;  in  mating  Cardinal  with  three  perfect 
varieties,  716  plants  were  secured  of  which  413  were  bisexual  and  303 
unisexual ;  and  in  mating  Sample  with  three  perfects,  566  plants  were 
secured,  337  of  which  were  bisexual  and  225  unisexual.  The  sum  total 
for  all  crosses  was  1,439  bisexuals  and  1,194  unisexuals,  or  a  propor- 
tion of  about  seven  to  six. 

Tables  XIV  and  XV  show  the  combined  results  for  the  second  and 
third  generation  of  crosses. 


Tabus  XIV. — Combined  Table  of  Second  Generation  Plants 

RESULTS  of   self-pollination   OF  FBRFBCTS  OF  THE  FIBST  GENERATION 


Parents 
Imperfect  Perfect 

Haverland  x  Barrymore 

Hayerland  X  Dicky 

Haverland  X  Gandy 

Hayerland  X  Golden  Gate 

Haverland  X  Marshall 


Warfleld 
Warfield 
Warfleld 
Warfield 


Cardinal 
Cardinal 
Cardinal 


Sample 
Sample 
Sample 


Total 

X  Barrymore 
X  Dicky 
X  Gandy 
X  Golden  Gate 

T6U1 

X  Excelsior 
X  Longfellow 
X  Dunlap 

Total 

X  Excelsior 
X  Gandy 
X  Longfellow 

Total 


Crosses  with  Haverland 
Crosses  with  Warfield 
Crosses  with  Cardinal 
Crosses  with  Sample 

Total 


Total 

104 

197 

844 

43 

16 


Number  of  progeny 

Imperfect 


1,204 

181 

196 

1,906 

440 


2,723 

17 
45 
53 


115 

27 

97 
94 


218 

1,204 

2,723 

115 

218 

4,260 


Perfect 

104 
185 
844 

43 

16 


1,192 

164 

177 

1,891 

401 


2,633 

17 
46 
53 


115 

27 
97 
94 


218 

1,192 

2,633 

115 

218 

4,158 


0 
12 
0 
0 
0 


12 

17 
19 
15 
39 


90 

0 
0 

0 


0 
0 
0 


12 

90 

0 

0 

102 


Percentage 
perfect 

100 

93.9 
100    . 
100 
100 


99 

90.6 
90.3 
99.2 
91.1 


96.7 

100 
100 
100 


100 

100 
100 
100 


100 

99 

96.7 
100 
100 

97.6 
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Table  XV. — Ck>MBiNKD  Tabia  of  Thibd  Generation  Plants 

RESULTS   OF   SEUT-POLLINATION   OF   PERFECTS   OF   THE    SEOOND   GENERATION 


Parents 
Imperfect  Perfect 

Haverland  X  Dicky 

Hayerland  X  Gandy 

Haverland  X  Golden  Gate 

Haverland  X  Marshall 

Total 

X  Barry  more 
X  Gandy 

Total 

X  Excelsior 
X  Gandy 

Total 


Warfield 
Warfleld 


Sample 
Sample 


Crosses  with  Haverland 
Crosses  with  Warfield 
Crosses  with  Sample 

Total 


Total 

69 

90 

111 

36 


36 


Number  of  progeny 

Semi- 
Perfect    Imperfect   perfect 


69 

74 

111 

34 


36 


0 

11 

0 

1 


306 

288 

12 

299 

288 

11 

36 

36 

0 

Percentage 
perfect 

100 

82.2 
100 

97.1 


306 

288 

12 

6 

94.4 

1 
298 

1 
287 

0 
11 

100 
96.3 

299 

288 

11 

96.3 

13 
23 

13 
23 

0 
0 

100 
100 

100 

94.4 
96.3 
100 


640 


612 


23 


96.6 


Summary  of  All  Pollinations 

All  of  the  sex  inheritance  data  discussed  on  the  previous  pages 
have  been  self -related  in  table  XVI.     It  will  be  noticed  that  the  first 


Table  XVI. — Summary  of  All  Stbawberey  Sex  Data 

Number  of  progeny 

Semi-     Percentage 


Treatment 

Generation 

Total 

Perfect 

Imperfect 

perfect 

perfec 

Open  pollinated — 
Perfects 

first 
second 

940 
188 

927 

188 

13 
0 

0 
0 

98.6 
100 

Imperfects 

first 

667 

306 

260 

2 

64.7 

Semi-perfect 

first 
second 

290 
27 

262 
27 

23 
0 

6 
0 

90.3 
100 

Hautbois 

first 
second 

161 
39 

161 
39 

0 
0 

0 
0 

100 
100 

Chilean 

first 

37 

37 

0 

0 

100 

Self-pollinated — 
Perfects 

first 

second 

third 

4.382 
2,664 
1,863 

3,966 
2,636 
1,776 

414 
18 
81 

12 
0 
6 

90.3 
99.3 
96.3 

Cross-pollinated — 

first 

second 

third 

2,633 

4,260 

640 

1,439 

4,168 

612 

1,194 

102 

23 

0 
0 
6 

64.7 
97.6 
96.6 

Back-crossed — 

first 
second 

842 
294 

461 
294 

381 
0 

0 
0 

64.8 
100 
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generation  plants  resulting  from  both  the  open  and  the  self-pollination 
of  perfect  varieties  for  the  most  part  were  perfect ;  that  in  the  second 
generation  a  still  larger  proportion  of  perfect  plants  developed;  and 
that  the  third  generation  of  self -pollinated  plants  showed  a  somewhat 
larger  percentage  of  imperfects  than  were  found  in  the  second  genera- 
tion. The  open-pollination  of  imperfect  varieties  gave  results  similar 
to  those  obtained  from  the  crossing  of  perfect  with  imperfect  varieties, 
in  that  there  was  a  nearly  equal  number  of  unisexuals  and  bisexuals  in 
the  first  generation.  The  back-crosses  of  the  first  generation  progeny 
resulting  from  the  cross-pollinations  with  the  male  parent  also  gave 
about  the  same  number  of  perfects  as  of  imperfects. 

It  is  quite  clear  that  it  is  possible  to  breed  perfects  and  imperfects 
with  considerable  degree  of  definiteness;  that  unisexual  forms  were 
perpetuated  in  considerable  numbers  even  though  bred  with  perfect 
ones;  and  that  some  semi-perfect  plants  were  segregated. 

INHERITANCE  OF  CHARACTERS  IN  NORTH  AMERICAN 

VARIETIES  OF  THE  STRAWBERRY 

Preliminary  to  the  inauguration  of  the  experimental  study  of  in- 
heritance irrespective  of  sex,  the  data  contained  in  Fletcher's  (9) 
"North  American  Varieties  of  the  Strawberry"  were  carefully  sur- 
veyed. It  has  been  possible  in  this  compiled  description  of  many 
varieties  in  part  to  trace  the  derivation  of  certain  characters  and  like- 
wise to  follow  the  transmission  of  these  characters  to  their  descendants. 
The  characteristics  chosen  were  quality,  shape,  season,  runner  forma- 
tion, color  of  flesh,  flavor,  surface  color  and  size  of  berries.  In  these 
assembled  data  the  Bubach,  Crescent,  Sample,  Warfield,  and  Wilson 
were  used,  together  with  certain  varieties  that  were  mated  with  them. 

Quality  of  Fruit, — Interesting  results  were  found  with  regard  to 
the  transmission  of  quality  characteristics  from  the  parents  to  the  off- 
spring. In  three  instances  where  the  factor  for  poor  quality  was 
crossed  with  that  for  good  there  resulted  a  good  quality  variety.  When 
fair  quality  varieties  were  crossed  with  other  fair  ones  there  were 
produced  one  poor,  five  fair  and  four  good  varieties.  Fair  quality 
crossed  with  good  resulted  in  49  offspring  which  were  divided  on  a 
percentage  basis  into  classes  as  follows :  poor,  1 ;  fair,  18 ;  good,  28 ; 
and  very  good,  2.  When  a  fair  and  a  very  good  quality  variety  were 
bred  together  a  variety  of  a  fair  quality  was  created.  When  good  was 
crossed  with  good  there  were  15  progeny,  distributed  into:  poor,  1; 
fair,  2;  good,  8;  very  good,  1.     When  good  and  very  good  varieties 
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were  crossed,  there  were  produced  one  fair  variety,  three  good  and 
one  very  good. 

It  appears  that  some  good  quality  offspring  were  derived  from 
poor  quality  parents  and  that  even  when  the  parents  were  rated  only 
as  fair  or  good  a  few  very  good  quality  descendants  were  secured. 
Moreover,  some  good  and  very  good  varieties  gave  rise  to  some  of  only 
fair  quality.  This  would  seem  to  indicate  that  some  segregation 
occurs  on  the  basis  of  quality.  Some  blending  was  also  noted  when 
varieties  with  different  quality  grades  were  crossed.  Table  XVII  gives 
these  results  in  tabular  form. 


Factors  crossed 


Tabl£  XVII. — Inheritance  of  Quaijtt 

Distribution  of  pi 


Number  of 
progeny 

3 
10 
49 

1 
16 

6 


Poor  Fair  Oooa       Very  good 


reny 


1 
1 


Poor  X  Good 

Fair  X  Fair 

Fair  X  Good 

Fair  X  Very  good 

Good  X  Good 

Good  X  Very  good 

Shape  of  Fruit. — In  a  study  of  the  inheritance  of  shape  charac- 
teristics, 18  sets  of  crosses  giving  rise  to  72  varieties  were  used  from 
the  list  given  by  Fletcher.     Table  XVIII  shows  the  distribution. 


5 
18 
1 
2 
1 


3 

4 
28 

•  • 

8 
3 


2 

4 
1 


Tabi£  XVIII. — Inheritance  of  Shape  of  Feutt  in  Strawbbbbiss 

R.  =  round;  C.  =  conic;  L.  =  long;  W.  =  wedge;  Cox.  =  cox-combed;  O.  = 
ovate;  Ob.  =  obovate;  Irreg.  =  Irregular;  R.  C.  =  round-conic,  etc 


Number  of 

Factors  crossed 

progeny 

DlstribuUon  of  progeny 

R.  C. 

X 

R.  C. 

24 

13  R.  C— 4  C— 2  L.  C— 2  R.— W.  C. 
R.  to  W.— C.  to  W. 

Irreg. 

C. 

X 

R.  C. 

9 

4  R.  C— 2  R.  C.  to  W.— R.  C.  to  C— 
R.— C.  to  W. 

R.  C. 

X 

W.  C. 

C 

3  R.  C.  to  W.  C.—R.  C.  to  W.— C. — 
R.  C. 

R.  C. 

X 

C. 

6 

3  R,  C"~"K3."~~R. 

Irreg. 

C. 

X 

C.  to  W.  C. 

5 

Cox. — Irreg.  0.— R.  C.  to  W.— 2  R.  C. 
2  R.  C. 

R.  C. 

X 

R. 

3 

C. — ^R.  to  W.  C— L.  C. 

R.  C. 

X 

Irreg. 

3 

R.  C.—R.  C.  to  W.  C— Irreg.  C. 

C. 

X 

C. 

3 

2  R.  C— L.  C. 

Irreg. 

C. 

X 

C. 

2 

C.  to  W.— O.  to  W. 

Irreg. 

C. 

X 

L.  C. 

2 

R.  C. — L.  C. 

R.  C. 

X 

W.  C. 

2 

R. — Irreg. 

R.  C. 

X 

Ob.  C.  to  Cox. 

2 

Ob.  C.—R.  C. 

R.  C. 

X 

R.  or  Cox. 

R.  C.  to  0.  C. 

C. 

X 

R.  C.  to  W. 

L.  C. 

R.  C. 

X 

Irreg.  R. 

R.  Ob. 

R.  C. 

X 

R.  C.  to  Cox. 

R.  C. 

R.  C. 

X 

R.  C.  to  W. 

W.  C. 

C. 

X 

L.  0. 

L.  C. 
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Segregation  of  the  several  shape  factors  occurred  in  cases  where 
the  progeny  were  numerous  enough  to  permit  of  a  distribution.  In 
the  first  case,  for  instance,  in  which  there  were  24  varieties  in  the 
progeny,  13,  or  more  than  half,  had  berries  that  were  round-conic  in 
shape  like  both  parents ;  yet  four  were  conic  and  two  were  round.  In 
the  fourth  instance  (round-conic  crossed  with  conic)  the  progeny  con- 
tained three  round-conic,  one  conic  and  one  round  berry.  In  the  prog- 
eny of  the  third  cross  listed  there  was  very  noticeable  segregation,  for 
when  round-conic  and  wedge-conic  were  crossed,  three  out  of  the  six 
resultant  varieties  were  round-conic  to  wedge-conic,  one  was  round- 
conic  to  wedge,  one  was  round-conic  and  the  other  was  conic. 

Season  of  Ripening. — Seven  sets  of  crosses  were  found  listed  by 
Fletcher,  from  which  enough  offspring  were  grown  to  make  it  worth 
while  to  consider  them  in  relation  to  the  season  of  ripening.  Table 
XIX  presents  the  comparisons. 


Tabub  XIX. — Inheritance  of  Season  of  Ripening 

E.  =  early;  M.  E.  =  medium  early;  M.  =  mid-season;  M.  L.  =  medium  late; 

V.  L.  =  very  late. 


Factors  crossed 

E.  X  M.  E. 

E.  X  M. 

M.  E.  X  M.  E. 

M.  E.  X  M. 

M.  E.  X  ^<  I^< 

M.  E.  X  V.  L. 

M.  X  M.  L. 


Distribution  of  progreny 

Number  of   Very  Medium     Mid-    Medium 

progreny     early       Early    early     season       late 


Late 


Very 
late  ' 


4 

7 
9 
8 

12 
3 

18 


1 

>  ■ 

1 


1 
6 
1 
3 
2 


1 
1 


2 
1 
3 
6 
1 
11 


2 
3 

t    m 

2 


1 
2 


It  will  be  noticed  that  while  the  ripening  season  of  the  offspring 
seems  as  a  rule  somewhat  intermediate  between  that  of  its  two  parents, 
yet  on  the  whole  there  is  a  marked  tendency  of  all  of  the  crosses  toward 
the  production  of  mid-season  forms  in  the  progeny. 

Runner  Formation. — Table  XX  sets  forth  data  concerning  the 
ability  of  the  strawberry  plant  to  form  runners,  as  well  as  the  trans- 
mission of  this  characteristic  to  new  generations.     The  tendency  in  the 
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Table  XX. — Inhebttancb  of  Numbbbs  of  Runnebs 
F.  =  few;  M.  =  moderate;  N.  =  numerous;  V.  N.  =  very  numerous 

Distribution  of  progeny 


Number  of 

Factors  crossed 

progeny 

Few 

Moderate     l^ 

^umen 

F.    X  F. 

5 

2 

2 

1 

F.    X  M. 

17 

4 

8 

6 

F.    X  N. 

3 

•   • 

1 

2 

M.  X   M. 

7 

•  • 

4 

3 

M.  X  N. 

10 

1 

6 

3 

M.  X  V. 

N. 

18 

1 

3 

12 

N.   X  V. 

N. 

9 

1 

4 

4 

Very 
numerous 


main  is  for  the  new  varieties  to  fall  into  groups  which  are  either  like 
their  parents  or  are  closely  related  to  them,  rather  than  to  scatter  or  to 
fall  into  remote  groups. 

Color  of  Flesh, — ^Table  XXI  exhibits  data  with  regard  to  color  of 
flesh  in  the  progeny  of  five  sets  of  crosses  classified  into  four  color 
groups. 

Tabu:  XXI. — Inhbbitancb  of  Colob  of  Fi£SH 
W.  =  whitish;  Lu  =  light  red;  M.  =  medium  red;  D.  =  dark  red. 

Distribution  of  progeny 
Number  of 
Factors  crossed  progeny         Whitish         Light  red    Medium  red    Darlc  red 

L.  X   L.  14  1                     7  3  3 

*L.  X  M.  11  6  6  1 

L.  X   D.  14  4  8  2 

•  M.  X  M.  13  1                    1  6  6 

M.  X  D.  12  1                    1  6  4 

For  the  most  part  the  progeny  resembled  their  parents  in  color. 
It  is  interesting  to  note,  however,  that  six  dark-fleshed  varieties  came 
from  light-fleshed  parents,  that  16  other  dark-fleshed  varieties  came 
from  crosses  in  which  one  parent  was  light-fleshed,  and  that  four 
whitish  or  light-fleshed  progeny  came  from  medium  or  dark  red  parents. 

Flavor  of  Fruit. — ^Table  XXII  deals  with  the  flavor  of  berries. 
As  between  parents  and  offspring,  it  was  found  in  general  that  there 

Tabub  XXII. — Inhebitance  of  Flayob 

S.  =  sweet;  M.  S.  A.  =  mild  sub-acid;  S.  A.  =  subacid;  B.  S.  A.  =  brisk 

sub-acid;  A.  =  add;  V.  A.  =  very  acid 

Distribution  of  progeny 


Number  of 

Factors  crossed 

progeny 

S. 

M. 

S.  A. 

S.  A. 

B.S.  A 

A. 

\.A 

S.                X  A. 

6 

2 

1 

•   • 

. . 

2 

M.  S.  A.  X   S.  A. 

11 

4 

1 

2 

3 

M.  S.  A.  X  A. 

9 

•   ■ 

6 

•    m 

2 

S.  A.         X   S.  A. 

8 

3 

3 

1 

«  • 

S.  A.         X  B.  S. 

A.       2 

■   • 

1 

•    ■ 

•  • 

O.    A,               X     "■• 

16 

3 

2 

1 

8 

i 

A.               X  A. 

12 

t   • 

1 

1 

•    • 

9 

1 
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was  segregation  and  scattering  of  flavors  into  many  classes.  In  the 
first  instance  in  which  two  contrasting  flavors,  sweet  and  acid,  were 
bred  together  about  an  equal  number  of  the  offspring  resembled  each 
parent  in  flavor.  When  acid  varieties  were  mated  with  each  other  and 
when  acid  was  bred  with  sub-acid,  there  was  a  preponderance  of  acid 
varieties  in  the  offspring. 

Surface  Color  of  Fruit. — Table  XXIII  is  concerned  with  the  in- 
heritance of  surface  color  of  the  fruit.  There  was  a  much  scattered 
segregation,  indicating  hybrid  factors  for  color  even  where  contrasting 
colors  were  not  employed  in  the  crosses. 

Table  XXIII. — Inhebitance  or  Color  of  Pbuit 

C.  =  crimson;  S.  =  scarlet;  L.  =  light;  B.  =  bright;  D.  =  dark 

Distribution  of  progeny 

S 


Number 

of 

Factors  crossed 

prosreny 

L.  C. 

B.C. 

C. 

D.  C. 

L.  S. 

B.  S. 

S 

L.  C.   X   D.  C. 

8 

1 

1 

•    • 

3 

1 

1 

1 

\^  C.  X  B.  s. 

11 

3 

2 

2 

1 

■    « 

1 

2 

D.  C.  X  L.  S. 

5 

a    • 

•   • 

1 

1 

1 

•    « 

2 

D.  C.  X  D.  C. 

4 

1 

•    • 

•   • 

2 

■    • 

•   • 

1 

D.  C.  X  B.  S. 

16 

4 

1 

2 

5 

•    • 

1 

2 

B.  S.   X   B.  S. 

12 

1 

4 

1 

2 

•    ■ 

•    • 

2 

Size  of  Fruit, — The  data  dealing  with  the  inheritance  of  size  are 
assembled  in  table  XXIV,  In  this  study  it  appears  that  there  is  some 
segregation  of  factors  for  size.  In  the  first  case  in  the  table  where 
small  to  medium  were  crossed  with  small  to  medium,  there  was  one 
instance  like  either  parent,  four  medium,  and  four  medium  to  large. 
In  most  cases,  however,  the  distribution  is  within  rather  than  beyond 
the  range  of  sizes  possessed  by  the  parents,  still  disclosing  strong 
tendency  to  segregation. 

Table  XXIV. — ^Inhebitance  of  Size  op  Pbutt 

S.  M.  =  small  to  medium;  M.  =  medium;  M.  L*.  =  medium  to  large; 

L.  =  large;  L.  V.  L.  =  large  to  very  large 

Distribution  of  progeny 

Number  of  Small  to  Medium  Large  to 

Factors  crossed  progeny     medium       Medium     to  large        Large     very  large 

S.  M.  X   S.  M.  9  1                 4  4 

S.  M.  X   L.  13  6                 6  1 

M.  X  M.  6  1                4  1 

M.  X  L.  9  3  ..  6 

M.  X   L.  V.  L.             14  5  4  5 

M.  L.  X   L.  V.  L.              8  3  2  3 

L.  X   L.  V.  Lr.              8  4  3 
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Summary. — Quality,  shape,  color  of  flesh,  surface  color,  and  flavor 
of  the  berry.  The  progeny  resulting  from  the  various  crosses  were 
distributed  into  several  classes,  even  when  varieties  similar  in  respect 
to  the  character  in  question  were  mated. 

Size  of  fruit,  number  of  runners.  There  was  a  marked  correlation 
between  the  parent  and  the  offspring,  and  not  quite  as  wide  a  scatter- 
ing into  different  classes  as  occurred  in  the  case  of  the  previously  men- 
tioned characters. 

Season.  There  was  a  marked  tendency  toward  the  production  of 
mid-season  forms,  regardless  of  the  seasonal  characteristics  of  the 
parents. 

While  the  data  presented  in  the  preceding  study  of  inheritance 
are  not  sufficiently  extensive  to  make  it  possible  to  predict  what  results 
would  occur  from  a  given  mating,  yet  they  are  suggestive  of  what 
might  be  expected.  The  hybrid  nature  of  the  American  varieties  of 
strawberries  is  shown  quite  clearly  by  the  "splitting  up"  of  factors 
which  occurs  when  definite  breeding  work  is  undertaken. 

RESULTS  OF  BREEDING  EXPERIMENTS 

Comparison  of  Progeny  With  Parents 

After  thus  discussing  the  results  of  the  breeding  experiments  with 
respect  to  the  inheritance  of  flower  structures  and  the  segregation  of 
the  same  in  the  progeny,  it  now  becomes  necessary  to  compare  in  some 
detail  the  attributes  and  structural  characteristics  of  the  offspring,  to 
note  what  effect  the  crossing  has  produced.  This  has  been  done  for 
the  varieties  on  record  and  must  now  be  done  for  the  sorts  secured  by 
breeding.  The  question  arises  in  the  new  forms  produced  whether  a 
new  combination  of  characters  occurs  or  the  new  sorts  are  simply 
slight  modifications  of  the  old  varieties.  In  other  words,  can  an  im- 
perfect-flowered variety  be  sexually  reconstituted  and  still  retain,  or 
be  made  to  possess,  its  primary  varietal  characteristics?  If  not  in  its 
entirety,  to  what  extent  can  it  be  done  ? 

The  approach  to  this  problem  was  made  by  comparing  and  analy- 
zing several  sets  of  crosses  in  which  the  same  pistillate  variety  was 
crossed  with  several  staminate  varieties;  for  instance,  Warfield  was 
crossed  with  Barrymore,  Gandy,  Dicky  and  Golden  Gate;  Haverland 
was  crossed  with  Dicky,  Gandy,  Golden  Gate  and  Marshall ;  and  Sam- 
ple was  crossed  with  Excelsior,  Gandy  and  Longfellow.     In  some  cases 
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the  contrasts  in  varietal  characters  of  the  parents  used  were  quite 
marked;  in  others  they  were  but  slight.  Original  descriptions  were 
made  of  nearly  all  varieties  used  for  comparison  with  the  progeny. 

WARFIELD  CROSSED  WITH  BARRYMORE,  GANDY,  DICKY  AND  GOLDEN  GATE 

War  field  crossed  with  Barrymore. — Warfield  may  be  characterized 
as  a  standard  imperfect-flowered  variety  of  early  season.  The  berries 
are  conic  in  shape,  medium  in  size;  calyx  large,  detached;  surface  of 
berry  glossy,  dark  crimson;  flesh  dark  red;  seeds  brown,  prominent 
and  protruding;  texture  firm,  fine  grained;  core  solid;  flavor  acid; 
quality  fair.  Barrymore  is  a  staminate  mid-season  variety.  The  ber- 
ries are  round-conic  and  of  medium  size;  calyx  medium;  surface  color, 
light  crimson;  seeds  depressed;  flesh,  light  red;  texture  firm;  core 
solid ;  flavor,  mild  sub-acid ;  quality,  good. 

The  fruits  secured  from  the  plants  arising  from  this  cross  were 
of  medium  size,  conic,  and  dark  crimson,  with  protruding  seeds,  firm 
flesh,  and  solid  core  like  Warfield ;  but  were  like  Barrymore  in  ripen- 
ing in  mid-season  and  in  being  sub-acid.  Many  of  the  plants,  fur- 
thermore, possessed  staminate  blossoms.  The  plants  were  vigorous 
and  formed  numerous  runners  of  fair  length.  The  foliage  was  abun- 
dant, the  leaves  being  of  medium  size  and  growing  in  a  compact  manner. 
The  leaf  stalks  were  of  good  length,  being  about  four  inches  long,  while 
the  fruit  stalks  were  unbranched,  erect,  and  measured,  on  the  average, 
3j4  inches  in  length,  being  of  sufficient  length  to  hold  the  berries  up 
from  the  ground.    The  new  plants  were  good  ones. 

The  primary  object  of  the  cross  was  to  study  the  segregation  or 
combination  of  the  sexes,  while  the  secondary  purpose  was  to  analyze 
the  new  forms  and  to  determine  their  merits.  The  results  of  the 
primary  objects  are  set  forth  elsewhere  in  tabular  form.  The  merits 
of  the  new  forms  are  determined  by  comparing  them  with  the  parent 
varieties.  Were  the  plants  secured  from  this  cross  superior  to  War- 
field?  And  were  the  essential  Warfield  characteristics  lost  in  the 
mixture?  The  distinguishing  attributes  of  Warfield  are  its  pistillate 
flowers,  its  early  season  of  ripening,  its  medium  sized  conic  berry  which 
is  firm,  solid  at  the  center,  and  acid  in  flavor  and  its  prominent  pro- 
truding seeds.  In  the  cross  with  Barr)anore,  the  conic  shape  of  the 
berry,  the  dark  crimson  color  of  the  fruit,  the  protruding  seeds  and  the 
firmness  of  flesh  were  all  retained.  Moreover,  in  the  first  generation 
with  a  total  of  196  plants,  48  percent  were  perfect,  while  in  the  second 
generation  in  which  there  Wer^  ^^^  plants,  91  percent  had  perfect 
blossoms. 
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The  new  plants  differed  from  Warfield  in  two  unimportant  charac- 
teristics. There  was  brought  about  a  substitution  of  a  hollow  core 
for  a  solid  one,  and  a  somewhat  deferred  ripening  season  which  coin- 
cides closely  with  that  of  the  Barrymore.  Nearly  all  of  the  essential 
features  of  Warfield  were  retained  in  the  new  forms.  To  a  large  ex- 
tent the  nature  of  the  result  is  due  to  the  general  similarity  of  the 
parent  varieties.  The  cross  was  not  a  violent  one.  The  contrast 
between  Warfield  and  Barrymore  was  not  great,  blossom  structures 
and  season  of  ripening  constituting  the  chief  differences.  A  later 
season  of  ripening  is  more  than  offset  by  the  accompanying  compensa- 
tion of  perfect  flowers.  Aside  from  the  nature  of  the  flowers  and 
slight  differences  in  the  fruit  the  new  forms  were  scarcely  distinguish- 
able from  either  parent  plant.  In  the  main,  then,  the  Warfield  straw- 
berry was  sexually  reconstituted.  By  choosing  for  propagation  the  91 
percent  of  the  progeny  of  the  cross  that  had  perfect  flowers,  one  has  for 
all  practical  purposes  a  staminate-flowered  Warfield. 

Warfield  crossed  with  Gandy. — The  distinguishing  characteristics 
of  Gandy  are  its  large  uniform  roundish  to  conic  berries  of  rich  dark 
scarlet  color,  with  numerous  slightly  protruding  seeds ;  a  hollow  core 
and  brisk  sub-acid  flavor;  season  of  ripening  very  late.  The  berries 
on  plants  from  this  cross  were  like  Warfield  in  size,  in  firmness  of  flesh, 
and  in  their  dark  crimson  surface  color,  but  they  were  like  Gandy  in 
being  round-conic  in  shape,  in  producing  small  seeds  and  in  possessing 
a  sub-acid  flavor.  In  common  with  both  parents,  the  progeny  bore 
protruding  seeds  and  had  firm-fleshed  fruits.  Some  of  the  flowers 
produced  were  staminate  and  some  were  pistillate.  In  the  first  genera- 
tion there  were  349  plants,  of  which  190  were  staminate  and  159  pistil- 
late. The  second  generation  of  this  cross  gave  1,906  plants,  1,891 
being  staminate  and  15  pistillate.  Core  structures  were  of  two  kinds, 
some  berries  being  solid  like  Warfield,  some  hollow  like  Gandy.  The 
season  of  ripening  was  intermediate,  neither  early  like  Warfield  nor 
late  like  Gandy,  but  mid-season. 

Warfield  crossed  with  Dicky. — The  latter  variety  may  be  charac- 
terized as  follows :  Blossoms  staminate ;  berry  large,  irregular,  round- 
conic  to  wedge  shape,  often  necked;  surface  color,  bright  crimson; 
flesh  medium  red,  firm;  flavor  brisk  sub-acid;  quality  fair;  runner 
capacity,  moderate;  midseason.  The  plants  arising  from  this  cross 
produced  berries  that  were  like  Warfield  in  color,  being  dark  rather 
than  light  crimson,  in  bearing  brown  seeds  and  in  ripening  early.  The 
berries  were  sweeter  than  those  of  Warfield,  being  judged  as  sub- 


Above,  seeilllns  strawberry  plants  ae  grown  in  flat  boxes  In  the  greenhouse 
before  being  transplanted.  One  bench  of  baggeil  blosaoma  aa  done  for 
selt-poltlnation  trials. 

Below,  pollination  work  in  the  garileii. 
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acid,  and  therefore  in  flavor  like  Dicky.  In  flower  structure  many 
plants  were  of  the  Dicky  type.  In  the  first  generation,  of  217  plants 
under  observation,  96  were  perfect  and  121  imperfect ;  and  in  the 
second  generation,  of  196  plants,  177  were  perfect  and  19  imperfect. 
Most  of  the  berries  possessed  solid  centers,  although  an  occasional 
hollow  core  was  found. 

The  Warfield  characters  that  were  lost,  namely,  protruding  seeds 
and  acid  flavor,  were  not  important,  while  those  acquired  were  a  better 
flavor  and  staminate  flowers  among  some  of  the  new  forms.  The  firm 
flesh  of  both  parents  was  retained  as  was  the  round-conic  shape  of  the 
berry  and  the  capacity  to  form  runners  freely.  The  plants  of  this 
cross  were  of  strong  constitution,  low  in  stature,  compact  in  growth 
and  healthy.  The  large  abundant  leaves  were  borne  or  leaf  stalks 
two  inches  in  length.  The  fruit  stalks  were  three  inches  long  and 
were  stout  and  branched  like  those  of  the  Warfield. 

It  is  clear  that  what  was  secured  in  this  cross  was  either  a  remade 
Warfield  or  a  Dicky  with  many  Warfield  attributes  bred  into  it.  It 
was  a  simple  thing  to  perpetuate  asexually  the  plants  resulting  from  this 
cross  and  thus  retain  indefinitely  any  desired  combination  of  Warfield 
or  Dicky  characteristics. 

Warfield  crossed  zvith  Golden  Gate, — The  characteristics  of  Golden 
Gate  are  its  staminate  blossoms ;  large  sized  fruit ;  large  sunken  seeds ; 
dark  crimson  surface  color;  medium  red,  firm  flesh;  mild  sub-acid 
flavor;  good  quality;  and  midseason  of  ripening.  The  fruits  of  the 
first  generation  of  this  cross  were  described  as  being  ovate  to  conic,  of 
medium  size,  dark  red  on  the  outside,  with  protruding  reddish  brown 
seeds  of  large  size,  with  a  sub-acid  flavor  and  with  a  solid  core.  The 
season  was  early. 

The  second  generation  was  diflFerent  from  the  first  with  respect  to 
seed  placement  in  that  the  seeds  were  sunken  in  the  flesh  rather  than 
protruding  from  it,  and  that  the  berries  were  attached  to  large  reflexed 
calyces  and  were  ridged,  with  an  occasional  one  wedge-shaped  at  the 
apex,  thus  resembling  Golden  Gate.  Some  of  the  berries  were  necked 
as  in  Golden  Gate.  They  were  firm  with  solid  centers  and  ripened  in 
midseason,  i.  e.,  later  than  Warfield.  In  flower  structure  it  was  found 
in  the  first  generation  that  of  57  plants  29  were  bisexuals  and  28  uni- 
sexuals,  whereas  in  the  second  generation  which  resulted  from  the 
self-fertilization  of  perfects,  401  of  the  440  plants  were  bisexuals. 
The  chief  Warfield  characters  were  found  in  both  generations.  To  be 
sure,  the  season  was  later,  the  fla'^^^  ^^^^  ^^'^  ^"^  ^^^  flowers  for  the 
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most  pSLTt  perfect ;  yet  the  berry  was  largely  the  Warfield  improved  and 
reinforced  by  the  addition  of  certain  desirable  attributes. 

In  brief,  the  general  effect  of  crossing  Warfield  with  Barrymore, 
Gandy,  Dicky  and  Golden  Gate  has  been  that  of  delaying  the  season 
of  ripening  by  several  days;  of  slightly  modifyii^  some  of  the  more 
unessential  structures  or  quality  characteristics;  and,  what  is  of  par- 
amount importance,  of  introducing  the  pollen  producing  function  by 
the  inbreeding  of  staminate  blossoms,  thus  sexually  perfecting  the 
plant  and  originating  a  new  Warfield. 

HAVEKLAND  CROSSEl)  WITH  GOLDEN  GATE,  GANDY,  MARSHALL  AND  DICKY 

Haverland  crossed  with  Golden  Gate. — ^The  distinguishing  char- 
acteristics of  the  Haverland  variety  are  the  long  conic  berries ;  numer- 
ous large  protruding  seeds ;  firm  flesh  with  a  solid  pink  core ;  a  mildly 
sub-acid  flavor;  pistillate  flowers;  with  fruit  ripening  in  midseason. 
Golden  Gate  differs  from  Haverland  in  having  roundish  to  conic 
berries,  which  are  dark  crimson  in  color,  with  sunken  seeds  and  perfect 
flowers.  The  attributes  common  to  both  varieties  are  the  large  seeds, 
firm  flesh  and  midseason  of  ripening. 

In  the  first  generation  of  the  cross  the  berries  were  oblong,  conic, 
firm  in  flesh,  light  crimson  in  color,  with  large  protruding  seeds  and 
had  a  midseason  ripening  period.  The  flowers  were  about  half  bisexual 
and  half  unisexual,  for  of  122  plants,  57  possessed  both  stamens  and 
pistils  while  65  had  only  pistils.  In  the  second  generation,  the  seeds 
were  still  prominent;  the  berries  ripened  in  midseason,  were  round- 
conic,  slightly  necked,  hollow  at  the  cores,  firm  in  flesh  and  sub-acid  in 
flavor.    The  flowers  were  perfect  in  structure. 

The  new  forms,  with  the  exception  of  the  ones  in  the  second 
generation,  were  unlike  Haverland  in  shape,  as  in  general  they  were 
round-conic,  rather  than  oblong-conic.  They  were  about  the  same 
as  Haverland  in  color,  in  flavor,  in  season  of  ripening,  in  seed  characters 
and  in  firmness  of  flesh.  The  cores  were  often  hollow  rather  than 
always  solid.  About  half  of  those  in  the  first  generation  were  perfect 
while  in  the  second  generation  all  of  the  flowers  were  like  those  of  the 
Golden  Gate.  Aside  from  the  flowers  and  a  few  minor  differences, 
these  plants  were  new  Haverlands,  better  in  some  respects  than  Ae 
old  ones.  The  cross  was  a  narrow  one,  few  important  differences 
occurring  in  the  parent  varieties  and,  therefore,  striking  differences 
were  not  expected.     The  similarity  of  the  parents  probably  accounts 
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for  the  fact  that  the  offspring  did  not  differ  materially  from  either 
parent.  The  plants  were  strong,  hardy  but  somewhat  subject  to  leaf 
spot.  They  put  forth  runners  very  freely  and  produced  an  abundance 
of  leaves,  which  formed  a  low  compact  mass  of  foliage.  Moreover, 
the  leaves  were  tough  and  had  long  stalks  which  were  somewhat  in 
excess  of  five  inches.  The  fruit  stalks  were  single,  drooping  and  about 
four  inches  long. 

Haverland  crossed  with  Gandy. — The  product  of  this  cross  gave 
berries  that  were  like  Haverland  in  ripening  in  midseason,  in  having 
pale  red  centers  and  in  possessing  prominent,  protruding  light  brown 
seeds.  They  were  like  Gandy  in  being  conic  and  wedge  shaped  and 
in  having  hollow  centers.  In  common  with  both  parents  the  fruit  was 
of  good  quality,  firm  in  texture  and  sub-acid  in  flavor.  In  the  second 
generation  some  of  the  cores  were  hard  and  solid  while  others  were 
hollow.  Some  of  the  calyces  were  recurved.  The  flowers  in  the  first 
generation  were  of  two  types.  Of  114  plants  in  the  first  generation,  61 
were  bisexuals,  while  in  the  second  generation  all  of  the  844  plants 
were  bisexual.  In  this  cross  the  Haverland  seems  to  have  taken  on 
certain  important  Gandy  attributes,  especially  flavor  and  flower  struc- 
tures. The  plants  were  fairly  productive  and  free  from  disease.  The 
foliage  was  plentiful  and  the  leaves  of  medium  size  with  short  leaf 
stalks.     The  fruit  stalks  were  three  inches  long,  branched  and  drooping. 

Haverland  crossed  with  Marshall, — The  Marshall  may  be  charac- 
terized as  follows:  Berry  large,  round-conic,  often  furrowed,  dark 
crimson ;  calyx  of  medium  size,  slightly  discolored ;  seeds  large,  slightly 
protruding ;  flesh  dark  red,  firm,  core  pink,  partly  hollow ;  flavor  mild 
sub-acid;  ripens  in  midseason.  The  berries  secured  from  the  first 
generation  of  the  cross  of  these  varieties  were  angular  to  oblong, 
slightly  conic;  of  medium  size,  with  hollow  pink  cores;  the  external 
color,  pale  red;  internal  color,  red;  flavor,  sub-acid;  seeds  numerous, 
green,  protruding ;  quality,  fair ;  ripens  in  midseason ;  flowers  bisexual, 
there  being  about  two  staminates  to  one  pistillate  in  68  plants  under 
observation. 

The  Marshall  characters,  such  as  size,  pink  hollow  cores,  long  fruit 
clusters  and,  to  a  certain  extent,  perfect  flower  structures,  were  found 
in  the  first  generation.  On  the  other  hand,  the  Haverland  charac- 
teristics that  were  inherited  were  the  scarlet  color  of  the  berry,  promi- 
nent, protruding  seeds,  reflexed  calyx  and  necked  berries  that  were 
oblong-conic.  The  time  of  ripening  was  midseason  as  is  the  case  in 
both  of  the  parents.  The  berries  ^^  ^'^^  second  generation  were  few 
in  number  and  poor  in  quality  ^  ^  no  reliable  description  could  be  made 
from  them. 
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In  the  third  generation,  the  berries  were  round,  small,  dark  red 
externally,  pale  red  internally,  with  narrow,  solid  white  cores ;  promi- 
nent, protruding  seeds ;  flesh  firm ;  flavor  sub-add ;  quality  good ;  and 
season,  medium.  The  fruit  stalks  were  stout,  holding  the  berries 
aloof  from  the  ground.  The  shape,  seed  characters,  quality  and  stalks 
were  like  those  of  Marshall,  while  the  solid  core,  pale  red  color  of  flesh 
and  the  scarcity  of  runners  were  those  pertaining  to  Hayerland.  The 
firmness  of  flesh,  midseason  of  ripening,  and  sub-add  flavor  were  com- 
mon to  both  Haverland  and  Marshall.  With  the  distribution  of  variety 
characters  as  noted  herewith,  the  progeny  constitutes  quite  a  departure 
from  either  parent,  but  is  in  some  respects  superior  to  either,  more 
especially  the  Haverland,  for  the  imperfecti(Mi  of  flower  was  overcome 
and  stout  flower  stalks  were  substituted  for  weak  ones.  The  hollow 
core  and  the  discolored  and  depressed  calices  of  the  Marshall  did  not 
appear  in  the  new  plants.  The  foliage  of  the  progeny  was  abundant 
and  spreading,  with  leaves  of  large  size.  The  fruit  stalks  averaged 
three  inches  in  length,  were  slender,  often  single  but  sometimes 
branched.  The  plants  were  productive.  The  season  of  ripening  was 
medium  early  and  the  quality  of  the  berries  very  good. 

Haverland  crossed  with  Dicky, — ^The  product  of  this  cross  gave 
fruits  which  in  the  first  generation  were  in  some  particulars  like  one 
parent  and  in  some  respects  like  the  other.  The  Dicky  attributes  were 
exhibited  in  the  round-conic  shape  of  the  fruit  which  was  smooth,  firm 
and  often  necked  and  in  the  capacity  to  form  many  rtmners.  The 
progeny  took  after  their  maternal  parent,  the  Haverland,  in  produdng 
slender  fruit  stalk  that  were  too  weak  to  support  the  fruit,  in  ripening 
in  midseason  and  in  bearing  good  quality  berries  which  possessed 
ntunerous  small  brown  protruding  seeds. 

The  berries  of  the  second  generation  were  round-conic,  slightly 
necked,  small  to  mediiun  in  size,  dark  red  externally  and  light  red  in- 
ternally. The  flavor  was  sweet,  the  seeds  numerous,  small  and  pro- 
truding, the  texture  firm,  quality  excellent,  season  medium.  The 
calyx  was  small,  the  stem  slender,  and  runners  numerous.  The  at- 
tributes of  Dicky  were  shown  in  the  round-conic  shape  of  the  berry 
and  in  the  capacity  to  form  numerous  runners.  The  firm  flesh  and 
sub-acid  flavor  were  attributes  common  to  both  varieties.  In  the  main, 
the  Haverland  characteristics  persisted,  for  the  new  forms  had  slender 
fruit  stalks,  the  seeds  were  small,  brown,  numerous  and  protruding. 

In  reproduction  by  seed  there  were  in  the  first  generation  96  per- 
fect flowered  plants  and  92  imperfect  ones.  In  the  second  generation, 
there  were  185  perfect  and  12  imperfect  flowered  plants.    It  is  thus 
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seen  that  the  Dicky  flower  type  was  inbred  into  forms  that  possessed 
to  a  marked  degree  the  Haverland  characteristics.  The  new  plants 
produced  handsome  berries  of  excellent  quality.  The  plants  were  of 
strong  constitution,  moderately  productive  and  healthy.  The  less  de- 
sirable features  of  this  strain  were  the  short  leaf  stalks  and  the  short 
drooping  fruit  stalks,  characteristic  defects  that  are  common  to  most 
varieties  of  strawberries.  Thus  it  seems  that  either  a  new  Haverland 
was  developed  or  a  new  Dicky  created. 

In  thus  reciting  the  distinguishing  features  of  the  new  forms  and 
comparing  them  with  their  parents,  the  main  purpose  is  to  set  forth 
the  effects  of  intercrossing  these  staminate  and  pistillate  varieties  on 
the  general  composition  of  characters  in  the  new  strains.  The  fore- 
going descriptive  analyses  of  the  physical  and  functional  attributes 
show  that  despite  the  contrast  in  several  characters  of  the  varieties 
mated  with  Haverland,  the  new  forms,  aside  from  certain  unimportant 
details,  show  a  distinct  persistence  of  the  Haverland  characteristics. 
The  flower  structures  in  a  considerable  number  of  the  progeny  are  not 
like  Haverland,  but  in  most  of  the  other  attributes  the  plants  are  still 
Haverlands.  It  appears  to  be  easier  to  inbreed  the  missing  or  the 
impotent  sex  than  to  introduce  or  eliminate  other  attributes  of  the  male 
parents. 

SAMPLE  CROSSED  WITH  EXCELSIOR  AND  GANDY 

Sample  crossed  with.  Excelsior. — Sample  which  is  a  pistillate 
variety  is  distinguished  as  follows:  Berry  large,  round-conic,  dark 
crimson;  flesh,  dark  red,  firm;  core,  hollow;  flavor,  sub-acid;  quality, 
good;  runners  numerous;  calyx  spreading;  seeds  prominent,  sunken, 
red;  fruit  stalks,  single,  drooping,  about  two  inches  long;  season  me- 
dium to  late.  Excelsior,  a  staminate,  has  the  following  characteristics : 
Berry  medium  size,  round-conic,  dark  crimson;  flowers  semi-perfect; 
calyx  and  corolla  small,  latter  adherent ;  seeds,  brown,  depressed ;  core, 
dark  red,  solid ;  flavor,  very  acid ;  fruit  stalks,  short,  procumbent ;  run- 
ners, numerous ;  season,  very  early. 

The  fruits  of  the  first  generation  were  irregular  round-conic  in 
shape;  size,  medium;  core,  hollow,  pink;  color,  dark  red;  flavor,  sub- 
acid, almost  sweet ;  ripe  in  midseason ;  seeds,  medium  size,  depressed ; 
fruit  stalk,  slender ;  runners  numerous.  This  generation  was  like  Ex- 
celsior in  only  two  respects,  namely,  size  of  berry,  which  was  medium, 
and  size  of  caljrx,  which  was  sniall.    It  was  distinctly  like  Sample  in 
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only  two  respects,  namely,  the  flavor  which  was  sub-acid  and  the  seed 
which  was  red.  In  common  with  both  parent  varieties  the  seeds  were 
depressed,  the  shape  was  round-conic  and  the  runners  were  numerous 
and  slender.  In  the  first  generation  there  were  205  bisexual  and  128 
unisexual  plants. 

Sample  crossed  with  Gandy. — ^The  variety  Gandy  is  known  by  the 
following  description :  Berry,  large,  uniform,  roundish  to  round-conic ; 
rich,  dark,  scarlet;  calyx,  large;  seeds  numerous,  slightly  protrudnig; 
flesh,  red,  firm;  core,  hollow;  flavor,  sub-acid;  runners,  moderate; 
season,  late. 

Sample  crossed  with  Gandy  gave  in  the  first  generation  plants 
with  the  following  characteristics:  Berry,  round-conic,  large;  dark 
red ;  core,  hollow,  narrow,  red ;  calyx,  large ;  flower  stem  erect,  large ; 
flesh  firm,  dull  red  inside;  seeds  numerous,  protruding;  flavor,  acid; 
ripe  in  midseason;  runners,  moderate.  The  flowers  showed  segr^a- 
tion  as  to  sex,  there  being  88  bisexual  to  75  unisexual  in  a  total  of 
163  plants  under  observation.  The  plants  of  the  second  and  third 
generation  differed  mainly  from  those  of  the  first  generation  in  pro- 
ducing oblong-conic  rather  than  round-conic  berries,  in  having  the 
seeds  depressed  rather  than  protruding,  in  being  of  a  more  mild  flavor, 
sub-acid  rather  than  acid.  The  fruit  was  very  attractive  and  the 
quality  excellent.    The  flowers  in  both  the  second  and  third  generations 

were  all  staminate. 

In  view  of  the  fact  that  such  characters  as  shape  of  berry,  color 
of  fruit,  firmness  of  flesh,  and  sub-acidity  of  flavor  were  common  to 
both  Sample  and  Gandy,  there  was  little  left  for  comparison  with 
either  parents,  or  as  distinctive  of  either  variety.  However,  the  large 
size  of  berry  was  easily  attributable  to  Sample,  while  the  calyx,  flower 
stem  and  runner  formation  were  like  Gandy,  as  were  also  many  of  the 
flowers.  In  fact,  the  new  variety  would  readily  pass  either  for  Gandy 
or  a  sexually  reconstituted  Sample. 

In  all  cases  the  plants  were  very  vigorous,  the  foliage  large,  coarse, 
and  free  from  rust.  The  leaves  were  light  green,  borne  on  short  stalks 
a  little  over  two  inches  in  length.  The  fruit  stalks  were  slender,  erect, 
unbranched,  measuring  about  three  inches  in  length.  The  blossoms 
came  early.  The  fruit  was  judged  as  very  good  and  superior  to  eitfier 
Sample  or  Gandy. 
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Transmission  of  Strawberry  Characteristics 

Many  structural  characters  and  some  functional  attributes  of  the 
strawberry  seem  to  pass  through  several  generations  without  much 
change.  They  seem  to  be  transmissible.  It  has  been  possible  to  trace 
backward  through  several  generations  some  of  the  structural  features 
such  as  flavor  of  berry,  position  of  seeds,  and  nature  of  the  core  of 
the  berry  and  in  breeding  strawberries  to  follow  these  same  charac- 
teristics forward  in  the  progeny.  The  extent  to  which  it  is  possible 
to  connect  such  characters  through  several  generations  depends  upon 
how  complete  and  precise  were  the  descriptions  of  the  original  varieties 
and  upon  the  number  of  generations  that  have  been  secured  by  crossing. 
In  order  to  show  the  behavior  and  the  recurrence  of  some  of  these  at- 
tributes, several  instances  will  be  cited  from  our  records. 

Season  of  ripening. — The  season  of  ripening  of  the  different  varie- 
ties seems  to  follow  a  fairly  definite  order  in  accordance  with  varietal 
inheritance.  Late  maturing  varieties  appear  to  have  come  from  late 
maturing  parents  and  similarly  early  ones  from  early  parents.  The 
season  of  ripening  of  Dunlap,  which  is  a  midseason  variety,  can  be 
traced  backward  among  its  predecessors  to  the  second  generation,  be- 
yond which  the  records  are  not  definite.  Haverland,  a  midseason 
variety,  resembles  its  parents,  the  Crescent  and  Sharpless,  in  this  re- 
spect. Warfield,  an  early  variety,  was  derived  from  early  ripening 
predecessors.  Its  supposed  immediate  parents,  Crescent  and  Wilson, 
were  early  to  midseason,  and  the  parents  of  Wilson,  Hovey,  Keens' 
Seedling  and  Black  Prince  were  also  early  or  early  to  medium.  Gandy, 
a  late  variety,  has  for  its  parents  Jersey  Queen  and  Glendale,  which 
were  both  late  ripening  varieties. 

What  is  the  season  of  the  new  forms  when  early  and  late-season 
parents  are  used  in  crossing?  Warfield,  an  early,  and  Gandy,  a  late 
variety,  were  crossed  and  note  taken  of  the  progeny.  The  first  genera- 
tion were  midseason  forms,  as  were  nearly  all  of  the  second  and  prac- 
tically all  of  the  third.  Warfield  was  also  bred  by  Marshall,  a  mid- 
season  variety,  and  midseason  forms  were  secured.  When  Sample,  a 
late  variety,  and  Excelsior,  a  midseason  one,  were  bred  the  progeny 
were  either  medium  or  medium-late  in  ripening ;  likewise  Sample,  when 
bred  with  Marshall,  which  is  medium,  produced  midseason-late  off- 
spring. With  respect  to  crosses  between  other  varieties,  it  was  ob- 
served that  the  parents  were  for  the  most  part  midseason  in  maturing 
fruits  and  that  the  oflFspring  of  these  were  mostly  midseason  in  ripening. 

These  observations  seett\  w  s^^^  *^^^  where  the  seasonal  contrast 
among  parents  is  quite  sha^^    tVi^  breeding  of  early  and  late  varieties 
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yields  progeny  which  seasonally  are  located  intermediately  between 
their  parents ;  and  that  even  when  the  contrast  in  parents  as  to  season 
is  not  great,  still  are  the  results  likdy  to  be  intermediate,  although 
gradations  in  the  direction  of  the  season  of  the  one  or  the  other  parent 
may  be  expected.  The  seasoning  of  ripening  of  a  given  variety  can 
be  predicted  with  a  considerable  degree  of  accuracy  if  die  ripening 
seasons  of  its  parents  and  grandparents  are  definitely  known. 

Flavor. — ^How  does  the  flavor  factor  behave  among  crossed  varie- 
ties? The  acid  flavor  of  Warfield  can  be  traced  back  not  only  to  its 
immediate  parents  but  to  its  supposed  grandparents.  Its  acidity  seems 
to  be  a  line  character.  Both  Golden  Gate  and  its  reputed  modier, 
Marshall,  are  sub-acid  in  flavor.  When  Warfield  (acid)  was  crossed 
either  with  Golden  Gate,  Dicky  or  Barrymore  (all  sub-acid),  the 
resulting  plants  produced  sub-acid  berries.  When  Sample  (sub-acid) 
was  crossed  with  Gandy  (sub-acid,  with  sub-add  progenitors),  tfie 
resulting  plants  produced  acid  berries  in  the  first  generation  but 
sub-acid  ones  in  the  second  and  third  generations.  When  Sample 
(sub-acid)  was  crossed  with  Excelsior  (acid,  derived  from  acid- 
flavored  parents — ^Wilson  and  Hoffman),  only  sub-acid  offspring  were 
secured  even  unto  the  third  generation.  Again  when  Sample  (sub- 
acid) was  crossed  with  Longfellow  (sub-acid)  the  same  degree  of 
acidity  appeared  in  the  offspring  even  unto  the  third  generation. 
Haverland — ^which  is  the  sub-acid,  and  came  precisely  by  it,  for  its 
pistillate  parent.  Crescent,  was  acid — when  bred  with  Golden  Gate — 
which  is  mildly  sub-acid  and  rightly  so,  for  its  mother,  Marshall, 
was  only  mildly  sub-acid  or  almost  sweet — ^yielded  plants  that  bore 
almost  sweet  berries.  When  Haverland  (sub-acid)  was  crossed  with 
Dicky  (sub-acid  with  sub-acid  parents,  Marshall  and  Sample),  nothing 
but  sub-acid  berries  were  secured  in  the  prog^y  for  at  least  three 
generations.  Cardinal  is  an  acid  berry  and  its  immediate  parent. 
Warfield,  is  also  acid.  When  Cardinal  was  crossed  with  Longfellow 
(sub-acid),  nothing  but  sub-acid  berries  were  secured  from  the  re- 
sulting plants.  When  Cardinal  (acid)  was  crossed  with  Excelsior 
(acid),  the  offspring  bore  acid  berries. 

It  is  significant  to  note  that  the  degree  of  acid  flavor  seemed  to  be 
a  constant  factor  and  was  passed  on  to  succeeding  plants,  apparently 
unchanged.  When  acid  and  sub-acid  flavors  were  mixed  in  breeding, 
the  offspring  resembled  the  milder  parent  in  flavor.  Likewise,  when 
sweet  and  sub-acid  flavors  were  mixed,  the  milder  flavor  became  the 
prevailing  one.     With  a  narrow  range  of  flavors,  such  as  obtained  in 


Sterility  of  STRAWBEkRiES ;  Strawberry  Breeding  57 

these  trials,  it  appears  that  when  different  acid  qualities  are  mixed  in 
breeding  work  intermediate  flavors  generally  result,  which  tend  more 
nearly  to  resemble  the  parent  with  the  milder  flavor. 

Seed  placement. — Seeds  add  beauty  and  attractiveness  to  straw- 
berries. If  large  and  protruding,  they  tend  to  enhance  shipping  quah- 
ties  since  they  furnish  some  degree  of  mechanical  protection  to  the 
fruit.  With  respect  to  position,  the  seeds  on  strawberries  may  be 
disposed  in  three  ways:  they  may  be  submerged  in  the  flesh,  as  is  the 
case  with  native  Vermont  berries  of  the  species  virginiana,  or  pro- 
truding, as  with  the  Chilean  or,  in  still  other  cases,  even  or  flush  with 
the  surface  of  the  berry,  which  is  the  case  with  some  of  the  direct  de- 
scendants of  the  Chilean.  All  of  these  types  as  to  position  were  ob- 
served among  the  experimental  plants. 

Three  of  the  parent  varieties  used  in  the  breeding  work,  Warfield, 
Gandy  and  Haverland,  resembled  the  Chilean  species  in  seed  characters 
and  placement,  and  four,  Excelsior,  Barrymore,  Golden  Gate  and 
Sample,  bore  seeds  that  were  depressed  or  sunken  in  the  berry,  as  in 
F.  virginiana.  In  the  offspring  resulting  from  these  crosses,  it  was 
found  that  when  protruding  seeds  occurred  in  both  parents  the  off- 
spring also  possessed  protruding  seeds,  as,  for  instance,  when  Warfield 
and  Gandy,  or  Haverland  and  Gandy,  were  crossed.  Moreover,  when 
a  parent  with  protruding  seeds  was  crossed  with  one  possessing  de- 
pressed seeds,  segregation  occurred  after  the  first  generation.  The 
first  generation  bore  protruding  seeds,  whereas  some  plants  of  the 
second  and  third  generations  were  depressed  like  one  parent  and  some 
protruding  like  the  other.  It  so  happened  that  no  crosses  were  made 
using  parents  in  which  the  seeds  were  depressed  in  both  cases,  but  the 
above  instances  show  that  it  is  possible  to  determine  the  seed  position 
by  selecting  the  parents  and  thus  to  secure  offspring  with  protruding 
seeds. 

Core  structures. — Most  varieties  have  a  definite  core  structure. 
It  may  be  firm  and  solid  throughout  or  the  tissues  may  cleave  and  break 
away  at  the  center,  forming  a  hollow  space.  It  is  rare  that  interme- 
diate structures  of  the  two  types  are  found.  The  core  structure  of  a 
strawberry  has  some  economic  importance.  A  solid  core  gives  greater 
commercial  value  to  a  variety  by  giving  a  firmer  berry  thus  enhancing 
its  shipping  resistance.  Warfield  which  has  a  solid  core  is  well  known 
for  its  good  shipping  qualities.  Moreover,  berries  with  hollow  cores 
are  less  attractive  when  sliced  or  cut  open  in  the  process  of  serving. 
The  elimination  of  a  hollow  core  is  therefore  desirable.     The  core 
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structure  of  several  varieties,  as  exhibited  in  their  ancestors  and  their 
progeny,  has  been  traced.  Warfield  inherits  a  solid  red  core  from  the 
Wilson  and  the  Crescent,  both  of  which  had  solid  cores,  but  the  original 
source  in  this  instance  of  solid  cores  is  not  known.  When  Warfield 
was  crossed  with  Gandy,  which  possesses  a  hollow  core,  it  was  found 
that  some  of  the  offspring  had  hollow  cores  like  the  male  parent  while 
others  had  solid  cores.  When  Warfield  was  crossed  with  Golden  Gate, 
which  seemed  to  be  semi-solid,  solid  cores  resulted  in  the  first  and 
second  generations.  Warfield,  crossed  with  Barrymore,  gave  a  solid 
cored  offspring,  both  parents  possessing  solid  cores. 

Sample  has  a  hoUow  core,  although  its  derivation  is  not  known, 
as  there  is  no  record  of  core  structure  in  Leader,  its  mother.  Sample 
and  Gandy  were  crossed  and  gave  hollow^  cores,  like  both  parents. 
Sample,  when  crossed  with  Excelsior,  the  latter  having  a  solid  core, 
produced  offspring  with  hollow  cores  in  the  first  and  third  generations 
but  with  solid  centers  in  the  second  one. 

Haverland  has  a  solid  pink  core  and  its  immediate  parents.  Crescent 
and  Sharpless,  both  have  solid,  hard-fleshed  cores.  When  crossed  with 
Dicky,  whose  parents,  Sample  and  Marshall,  had  hollow  cores,  there 
were  solid  cores  in  the  first  and  second  generations  but  there  were 
many  hollow  ones  in  the  third  generation.  Haverland  crossed  with 
Golden  Gate,  which  is  partly  hollow  at  the  center,  gave  hollow-cored 
offspring. 

Core  structures  did  not  seem  to  follow  any  very  definite  order 
in  transmission  to  new  generations.  Solid  cores,  crossed  with  solid 
ones,  gave  solids ;  solids  crossed  with  hollows  frequently,  although  not 
invariably,  gave  hollows,  for  in  some  cases  segregation  occurred.  Solids 
crossed  with  intermediates  gave  solids  in  one  case  and  hollows  in  an- 
other. The  condition  of  hollowness  is  seldom  apparent  until  the  ber- 
ries are  fully  ripe,  so  that  age  or  ripeness  of  the  fruit  is  one  factor  in 
determining  its  development  or  degree  of  openness.  Since  there  prob- 
ably are  other  factors,  such  as  rapidity  of  growth,  which  modify  core 
structures  the  study  of  core  inheritance  has  given  rather  indefinite 
results.  It  seems  doubtful,  therefore,  if  hollowness  or  firmness  of 
core  is  a  traceable  unit  character. 

General  Conclusions. 

The  employment  of  diverse  soil  types  and  of  variable  amounts  of 
commercial  fertilizer  as  well  as  aerial  fertilization  with  COg,  failed 
to  modify  the  sexual  condition  of  the  plants,  thus  indicating  that 
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sterility  of  unisexual  forms  is  an  innate  characteristic  of  the  plant 
itself  and  that  it  is  not  due  to  or  materially  if  at  all  affected  by  the 
character  of  the  soil  or  the  nature  of  the  fertilization. 

One  indication  that  unisexuality  is  hereditary  is  that  nearly  all 
of  the  pistillate  varieties  whose  histories  are  definitely  known  were 
found  to  be  of  partial  pistillate  parentage.  Furthermore,  some  of  the 
important  pistillate  varieties  have  given  rise  to  a  large  number  of 
pistillate  offspring.  Incidental  observations  on  the  behavior  of  sex 
where  breeding  was  done  for  other  purposes  showed  a  tendency  toward 
segregation  of  sexes. 

The  results  of  the  pollination  experiments  also  indicate  that  the 
sexual  nature  of  the  strawberry  is  hereditary,  since  in  both  the  open 
and  self-pollination  trials  with  perfect  varieties  the  progeny  were 
nearly  all  perfect,  whereas  in  the  open-pollination  of  imperfect  varie- 
ties only  about  half  of  the  progeny  were  perfect.  Furthermore,  imper- 
fect varieties  crossed  with  perfect  ones  resulted  in  about  an  equal 
number  of  perfect  and  imperfect  offspring.  Back  crosses  of  some  of 
the  latter  progeny  with  their  perfect  parents  showed  the  same  general 
trend  as  in  the  cross-pollination  experiments. 

In  a  preliminary  study  of  inheritance,  using  the  descriptions  of 
American  varieties  of  strawberries  compiled  by  Fletcher  (9),  it  was 
found  that  while  some  correlation  existed  between  the  characteristics 
of  the  parents  and  the  offspring,  there  was  a  noticeable  "spHtting  up" 
of  the  factors  involved,  thus  indicating  the  hybrid  nature  of  the  Ameri- 
can varieties  of  strawberries. 

The  observations  which  were  made  at  this  Station  of  the  progeny 
resulting  from  the  breeding  of  perfect  with  imperfect  varieties  show 
that  it  is  possible  in  some  cases  by  careful  selection  of  a  similar  staminate 
plant  to  introduce  the  missing  sex  into  an  imperfect  variety  without 
materially  changing  its  other  characteristics.  This  is  especially  true 
when  a  perfect  variety  which  is  quite  similar  to  the  imperfect  parent  is 
used  in  the  cross,  although  even  in  certain  cases  where  there  were  con- 
trasting variety  characters  those  of  the  pistillate  variety  still  seemed  to 
predominate. 

Sterility  in  the  strawberry,  as  now  understood,  appears  to  be  largely 
a  matter  of  sex  inheritance.  It  seems  very  probable  that  most  varieties 
of  strawberry  are  of  hybrid  origin.  If  one  accepts  the  likely  theory 
that  the  two  species,  F.  chiloensis  and  F.  virginiana,  are  the  parents  of 
the  first  cultivated  varieties  a^d  that  these  first  ones  are  the  "Pines,"  it 
then  becomes  possible  to  tra**^  tnany  present  day  forms  back  to  the 


